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AUTHOR’S  preface. 


IN  this  Second  Edition  of  the  Elements  of 
Natural  Philofophy,  I  have  kept  in  view 
the  remarks,  which  were  made  laft  year, 
1753,  on  the  firft  edition;  either  by  the  au¬ 
thors  of  the  Literary  Intelligence  of  Gottingen , 
or  by  a  perfon  of  eminence  in  London ,  who 
is  pleafed  to  honour  me  with  his  patronage, 
and  whofe  zeal  and  regard  for  the  advance¬ 
ment  of  natural  knowledge,  have  often  put 
me  on  making  a  variety  of  inquiries  into 
phyfical  fubjedfs.  And  the  more  grounded 

thefe  remarks,  the  more  pleafed  have  I  un- 

\ 

dertaken  to  make  the  amendments  pointed 
out  by  them. 

The  original  partition  of  the  elements  into 
five  heads  of  fcience  or  dodtrine  I  have  re¬ 
tained;  as  agreeably  thereto,  the  dodtrine  of 
bodies  may  be  explained  with  a  good  degree 
of  order  and  diftindtnefs :  Nor  have  I  omit¬ 
ted  any  one  of  the  heads  formerly  explained. 
And  I  have  alfo  kept  to  the  order  they  flood 
in,  in  the  former  edition,  bating  in  two  par« 
ticular  inftances.  Where,  firft,  1  have  added, 
Vol,  L  A  under 


V  R  E  F  A  C  E. 
under  the  title  of  T!he  eighth  Part ,  from  the 
dodtrine  of  folid  bodies,  in  regard  to  what 
they  have  in  common  with  fluids,  fome 
chapters  to  the  dodtrine  of  fluid  bodies,  this 
tranfpofition  ferving  me  for  a  commodious 
divifion.  Secondly,  I  have  ranged  in  a  dif¬ 
ferent  manner  the  feveral  heads,  which  pro¬ 
perly  come  under  the  dodtrine  of  folid  bo¬ 
dies.  The  dodtrine  itfelf  is  comprifed  in 
three  parts.  In  the  firft  I  treat  of  the  earth. 
In  the  fecond,  of  the  fun:  and  in  the  third, 
of  the  other  ceieftial  bodies.  The  firft  part 
confifts  of  four  fedtions.  And  firft,  under 
the  head  of  the  earth,  I  come  to  take  a  vi ew 
of  what  conftitutes  it  a  mundane  body.  Se- 
condly,  of  the  viflble  and  conftituent  parts  of 
the  earth.  Thirdly,  of  its  atmofphere.  And 
fourthly,  of  animated  bodies.  In  the  firft 
edition  not  only  was  this  divifion  wanting, 
but  alfo  the  confideration  of  animated  bodies 
preceded  that  of  the  earth,  fun  and  other 
heavenly  bodies.  The  luminous  phenomena 
of  the  ajmofphere  were  in  the  firft  edition 
explained  in  the  dodtrine  of  folid  bodies,  un¬ 
der  the  title  of  what  Jolids  have  in  common 
with  fluids.  But  in  the  prefent  edition  ex¬ 
plained. 


PREFACE, 
plained,  in  the  firffc  part  of  this  dodrine,  in 
the  fifth  chapter  of  the  third  fedion,  entitled. 
Of  the  atmafphere  of  the  earth . 

Befides  thefe  alterations,  which  barely  re¬ 
gard  the  external  form  or  difpofition  of  the 
book,  I  have  made  feveral  additions:  As,  in 
the  dodrine  of  the  forces,  with  which  bodies 
ad  on  each  other,  I  have  enlarged  the  chap¬ 
ters,  that  treat  on  the  mutual  connedion  of 
.  bodies,  on  the  prefiure  of  fluids,  on  elaflicity, 
and  on  the  central  forces.  In  the  dodrine 
of  fluids  I  have  given  an  account  of  the  prin¬ 
cipal  air-pumps,  defcribed  a  comprefling- 
machine;  anfwered  fome  objedions  made  to 
the  preflure  of  the  air;  inferted  a  circum- 
flantial  defcription  of  the  moft  remarkable 
thermometers,  together  with  the  rules,  how 
to  compare  their  degrees  with  each  other; 
examined  the  queftion,  whether  fire  be  a 
peculiar  fpecies  of  matter;  explained  the 
properties  of  vapours,  the  nature  of  the  con- 
ftituent  parts  of  water,  and  the  effeds  and 
force  thereof  in  freezing,  in  folutions,  in  fire 
and  in  fpungy  bodies ;  made  an  enquiry  into 
the  fluidity  of  quickfilver;  and  attempted  to 
explain  the  properties  of  the  eledrical  matter, 

A  2  ,  f  and 
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and  the  nature  of  its  operations.  To  the 
dodtrine  of  folids  I  have  alfo  made  fome  ad¬ 
ditions;  as  for  inftance,  with  regard  to  the 
ductility  of  gold  and  fiiver;  the  properties  of 
earth  in  particular,  the  refolution  of  gold  by 
the  folar  fire;  the  origin  of  fprings,  and  the 
generation  of  thunder  and  lightening  from 
the  eledtrical  matter  of  the  air.  And  laftly, 
in  the  doftrine  of  the  fyftem  of  the  world  I 
have  enquired  into  what  the  aether  may  con¬ 
tribute  to  the  firmnefs  of  bodies. 


C  O  R  R  1  G  E  N  D  A,  in  Vol.  I. 

p  63,  1.  14,  read  and  inflating,  p.  80,  1.  16,  for  line  read 
fine.  p.  83,  1.  9,  and  1.  19,  for  inciflons  read  rolls,  p. 
123,  1.  8,  from  the  bottom  after  external,  read  air.  p.  138, 
].  15,  for  pure  read  more,  p.  158,  1.  antepenult,  and  penult. 
dele  the,  p.  159,  1.  9,  read  thermometer  made  after  Delifle' s. 
■ib.  for  which  were  adjufted  by,  read  the.  p.  165,  1.  4,  for 
place  read  fpace.  p.  194,  1.  antepenult,  dele  8.  p.  209,  1.  2, 
for  fmeking  of  iron  read  melting  of  ice.  p.  223,  1.  laft  dele 
and.  p.  234,  1.  5,  from  the  bottom  read  falls,  p.  294,  1.  10. 
from  the  bottom  dele  it.  p.  306,  1,  1,  read  encafed.  p.  315, 
1.  7,  from  the  , bottom  read  will  A  therefore,  p.  327,  1.  5, 
read  otherwife  inßead  oj  ether. 
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The  Notion  of  Natural  Philofophy, 


§•  i« 

HT SICKS 5  or  Natural  Philofophy  is 
the  fcience  of  the  forces,  and  proper¬ 
ties  of  the  bodies,  that  conflitute  the 
vifible  world. 

§.  2.  By  the  fenfes  we  attain  the  knowledge 
of  bodies  in  a  twofold  manner.  We  obferwe 
either  i .  what  they  own  of  themfelves,  without 
being  put  to  the  queftion.  Or  2.  what,  on  be¬ 
ing  put  to  the  queftion,  they  are  made  to  own; 
which  they  otherwife  refute.  This  latter  way 
of  knowledge  we  call  experiment :  The  former 
Vol.  I.  B  fimply 
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Amply  experience,  and  attainable  either  with,  br 
without  art.  As  well  experience  as  experiment 
affords  that  knowledge  of  bodies,  we  call  natu- 
rdl  hiftory ,  as  exhibiting  the  fads  of  the  corpo¬ 
real  world. 

§.  3.  The  effedfo,  which  we  diftinguilh  in 
bodies  by  the  fenfes,  arife  from  certain  caufes, 
for  invefligating  which  we  require  certain  gene¬ 
ral  propofitions ;  abftraded  partly  by  experience 
from  individual  bodies ;  or  partly  borrowed 
from  metaphyficks,  which  contains  the  firft 
principles  of  all  human  knowledge;  and  princi¬ 
pally  from  mathematics.  How  we  come  to 
general  propofitions,  and  thofe  of  fervice  in, 
natural  philofophy,  baron  Wolfius  has  fnewn  in 
his  Ufeful  Experiments^  P.  1.  §.  17.  by  that  ex- 
periment,  formerly  defigned  to  exhibit  the  four 
elements  by.  On  putting  iron  filings  into  a 
glafs,  and  pouring  on  them  fucce {lively  oil  of 
tartar  per  deliquium ,  fpirits  of  wine,  and  diflilled 
oil  of  petrol,  they  remain  {landing  above  each 
other  in  the  order  we  now  mentioned  them. 
And  tho*  jumbled  together,  foon  recover  their 
order  again  if  not  further  diflurbed.  By  at¬ 
tending  to  which,  we  learn  the  following  truths  : 
viz.  That  petrol  is  lighter  than  fpirits  of  wine, 
and  fbill  lighter  than  oil  of  tartar  per  deliquium: 
That  petrol  refufes  mixing  with  fpirits  of  wine 
and  oil  of  tartar:  That  there  are  fluid  matters, 

refu  fins: 
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refufing  mutually  to  mix,  tho’  heavier  one  than 
the  other;  and  that  thus  the  lighter  always  re¬ 
main  (landing  above  the  heavier.  On  jumbling 
together  fluid  matters  that  refufe  to  mix,  they 
again  feparate  by  their  gravity  alone,  and  this 
adl  of  reparation  happens  fo  much  the  quicker 
the  more  the  matters  refufe  to  mix,  and  the 
greater  their  difference  of  gravity.  For,  we  ob- 
ferve  firft  the  petrol,  then  the  fpirits  of  wine# 
and  lafl  of  all,  the  oil  of  tartar  per  deliquium 
fully  to  feparate.  In  this  adt  of  feparating,  as 
well  the  heavier  fluid  defcends,  as  the  lighter 
afcends.  For  any  of  the  petrol  remaining  be¬ 
hind  among  the  fpirits  of  wine  in  the  oil  of  tar¬ 
tar,  rifes  thro’  the  fpirits  of  wine  up  to  the  other 
petrol.  The  fcience  of  the  caufes  of  corporeal 
things  is  called  the  dogmatical ,  but  the  know¬ 
ledge  of  the  forces  and  affedlions  of  bodies  by 
experiments,  the  experimental  phyficks,  or  philofo- 
phy. 

§.  4.  All  changes  in  bodies  arife  from  motion: 

Motion  arifes  from  certain  forces,  by  which 

\  t 

one  body  adls  on  another.  Bodies  are  either 
fluid  or  folid.  All  fluid  and  folid  bodies  (land 
together  in  a  certain  mutual  connexion,  by 
which  they  conftitute  the  vifible  world.  Thefe 
are  the  principal  points  to  be  explained  in  natu¬ 
ral  philofophy. 
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T  H  A  P.  L 

The  fifth  Propositions  of  Motion, 


§.  5.  T  T EREBY  it  is,  that  the  parts  of  a 
A  JL  body  come  co  hang  together,  or 
cohere,  when  they  aft  equally  Prong  on  each 
other. 

§.  6.  As  there  is  nothing  in  a  body  to  pro¬ 
pel  it  in  any  certain  direction;  its  motion,  on 
quitting  its  place,  arifes  from  an  external  caufe. 

§.  7.  But  to  bring  a  body  into  motion,  the 
whole  of  its  refiftance  mu  ft  be  overcome  j  that 
is,  its  tendency  to  continue  in  a  Pate  of  reft 
rnuft  be  weaker  than  the  tendency  of  the  exter¬ 
nal  caufe  to  bring  it  into  motion, 

§.8.  In  fo  far  as  a  body  A  feeks  to  over¬ 
come  the  refiftance- of  another  B,  fo  far  A  a  efts 
on  B.  What  B  by  the  refiftance  afts  on  A,  is 
called  the  reaffiicn.  Now  as  B  only  afts  on  A, 
juft  as  A  afts  on  B,  the  action  and  reaftion  mu  ft 
be  mutually  equal.  Änd  therefore  the  ftronger 
that  A  afts  on-B,  the  ftronger  the  reaftion  of  B. 
A  heavy  ball  lying  on  an  even  furface',  may  be 
4  put 
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put  in  motion  by  gently  pulling. at  a  thread  tied 
to  it.  Whereas  it  remains  at  reft,  and  the  thread 
lhaps  or  breaks,  on  giving  a  frnart  and  quick 
pull.  By  the  gentle  pull  you  only  aft  on,  and 
overcome  the  weight  of  the  ball  ^  but  by  the 
frnart  and  quick  jerk,  on  what,  befides  its 
weight,  accrues  to  the  ball,  and  exceeds  the  co¬ 
ke  ficn  of  the  parts  of  the  thread.  And  thus  a 
body  B  (landing  connedled  with  a  body  C;  a 
body  A  acting  on  B,  and  having  no  force 
whereby  in  general  to  produce  a  greater  adiion 
than  is  the  readlion  of  the  body  B;  none  of  the 
adiion  of  the  body  A  will  be  -obferved  on  the 
body  C.  Lay  for  iriftance,  a  quite  fmooth  plane 
of  glafs  on  a  fmooth,  horizontal,  unyielding 
furface,  and  on  the  plane  of  glafs,  fome  leaves 
of  a  foft  paper,  and  on  thefe  a  flat  and  thick 
iron  plate;  and  you  may  ftrike  with  a  hammer 
on  the  plate,  and  the  glafs  plane  not  break. 

§.  9.  Each  leveral  adtion,  whereby  a  body  is 
put  in  motion,  communicates  a  certain  degree 
of  velocity  to  it-,  by  which  in  a  Certain  time  it 
defcribes  a  certain  line,  called  the  line  of  direc¬ 
tion . 

§.  10.  And  thus  a  body  moving  by  one 
Angle  adlion,  and  in  its  motion  fubjedl  to  no 
change  from  any  external  caufe,  goes  con ftantly 
on  in  the  fame  direction,  with  the  fame  degree 
of  velocity.  And  as  a  body  at  reft,  continues  in 

B  3  that 
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r  that  ftate,  till  brought  out  of  it  by  an  external 
caufe,  §.  6;  fo  a  body  in  motion  continues 
its  acquired  velocity  in  one  and  the  fame  man¬ 
ner,  till  an  external  caufe  produce  a  change 
therein.  The  force  by  which  a  body  at  reft, 
feeks  to  perfevere  in  its  ftate  of  reft,  is  not  loft, 
while  put  in  motion  by  another  body :  But  nei¬ 
ther  receives  it  from  the  moving  body  any  ac¬ 
tual  force  which  the  moving  body  loft,  to  con¬ 
tinue  in  motion.  And  thus  a  body  in  motion, 
and  undifturbed  therein,  continues  its  acquired 
motion  by  that  very  force,  by  which  it  fought 
to  continue  in  its  ftate  of  reft.  That  force  by 
which  a  body  feeks  to  remain  in  its  ftate,  either 
of  reft,  or  of  motion,  is  called  the  inertia ,  or  vis 
inertia.  And  thus  we  come  to  learn  to  diftin- 
guifti  between  body  and  foul.  For,  by  the  force 
or  faculty  of  thinking,  the  foul  has  a  conftant 
tendency  to  change  its  ftate :  which  we  cannot 
afcribe  to  the  body,  as  being  incapable  of  two 
contradictory  properties  at  one  and  the  fame 
time.  This  diftindlion  between  foul  and  body 
profeftbr  Euler  has  plainly  ftiewn  in  his  Enodatio 
qu&ftionis ,  utrum  materia  facultas  ccgitandi  tribui 
poffit^  nec  ns?  Ex  prindpiis  mechanicis  fetita. 
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CHAP.  II. 

»■•.••  •  4  ^  ■ 

The  general  Kinds  of  Forces  and  Motions, 


§.  ii.  rpHAT  from  which,'  the  a&ion  of 
JL  one  body  on  the  other  arifes,  is 
called  a  force.  If  the  action  be  with  motion,  the 
force  is  called  living ,  or  an  impulfe:  If  without 
motion,  dead ,  or  a  preßon.  To  prefiiop  and 
impulfe  of  a  certain  magnitude,  a  certain  powe* 
is  afcribed :  But  which,  as  being  proportional 
to  the  force,  has  generally  the  name  only  of  the 
force. 

§.  12.  Motion  is  divided  into  fimple  and 
compound;  uniform  and  variable.  In  the  uni¬ 
form  motion,  the  body  ever  retains  the  fame 
degree  of  velocity.  In  the  variable,  it  is  ever 
changing.  The  velocity  is  the  fame,  when  in 
equal  times  equal  fpaces  are  defcribed.  A  fim¬ 
ple  motion  is  produced  by  a  fmgle  force,  adiing 
in  the  fame  dire&ion.  But  a  compound  motion 
by  two  oppofite,  or  by  two  confpiring  forces, 
a£Hng  in  different  lines.  For  inftance,  fig.  i. 
plate  i.  in  A  E  and  A  F,  which  include  an 
angle  E  A  F,  called  the  angle  of  direfiion . 

§.  13.  A  body  impelled  by  two  confpiring 
forces,  whofe  velocities  are  to  each  other,  as  the 
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lines  of  direction,  takes  the  middle  way,  the  dia¬ 
gonal  to  a  parallelogram,  between  thefe  lines, 
plate  i.  fig.  i.  In  the  parallelogram  AEFG, 
fuppofe  the  line  ACF  to  move  to  BDH,  in 
the  time  that  the  body  comes  from  A  to  C :  at 
the  end  of  this  time  the  body  comes  to  be  in  D. 
Further,  fuppofe  the  line  BD  H  to  move  to  E  G, 
in  the  time  that  the  body  comes  from  D  to 
H  ^  at  the  end  of  this  time  the  body  comes  to 
be  in  Gj  and  thus  has  defcribed  the  diagonal 
A  D  G.  And  in  this  manner  a  fhip  goes  up  the 
Bream,  when  drawn  on  each  fide  of  it,  by  men 
or  by  cattle.  In  this  compound  motion  the 
body  thus  defcribes  the  diagonal  A  G  in  the 
fame  time  it  would  have  defcribed  one  of  the 
fides  A  E  or  A  F  apart.  And  if  the  compound 
motion  continues  the  fame,  the  velocity  arifing 
from  the  confpiring  forces,  is  to  that  produced 
by  one  of  them,  as  the  diagonal  A  G  to  the  fide 
AE  or  A  F,  in  which  a  Angle  force  afts.  Gra- 
vefande  in  his  Elementa  Phyfices  Mathematical 
§.  19 1,  and  the  Abbe  Nollet  in  his  Legons  de 
phyßque  experimentale ,  T.  II.  Legen  V,  have  de¬ 
fcribed  machines  for  explaining  compound  mo¬ 
tions  by.  Take,  for  inilance,  a  fquare  board,  plate 
b  fig-  i-  and  placing  it  vertical,  fallen  a-top 
from  A  to  E  a  fquare  rod  of  metal,  on  which  a 
pulley  may  be  drawn  from  E  to  A.  Round  the 
pulley  a  thread  is  flung,  tied  at  one  end  to  the 
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nail,  which  fattens  down  the  rod  at  E,  At  the 
other  end  of  the  thread  a  weight  hangs«  When 
the  pulley  comes  from  E  to  A,  the  other  end, 
at  which  the  weight  hangs,  reaches  to  A.  And 
while  the  pulley  is  drawing  from  E  to  A,  the 
weight  continues  to  rife,  the  thread  being  faft  at 
E,  and  drawn  along  the  length  of  the  rod  EBA. 
The  fattening  of  the  thread  at  E  is  to  be  confi- 
dered  as  the  force,  by  which  the  weight  is  to  be 
drawn  up  from  G  to  E :  But  by  the  force  whereby 
the  pulley  is  drawn  from  E  to  A,  it  has  a  di¬ 
rection  towards  GF.  .So  that  the  weight  goes 
along  the  diagonal  G  A.  Or,  on  one  end  of  a 
board,  placed  horizontal,  fet  a  frame,  on  whole 
upper  crofs  beam  two  wings,  like  thofe  of  a  door, 
are  fecured  with  fcrews,  but  fo  as  to  turn  and 
wind  at  pleafure.  The  under  rim  of  each  wing 
exhibits  an  arch  of  a  circle,  divided  into  degrees. 
Above  at  each  wing  a  hammer  hanging  perpen¬ 
dicularly  downwards,  is  fixed,  which  may  be 
pulle.d  up;  and  failing  back,  fweeps  along  the 
under  rim  of  the  wing.  Both  wings  are  fo 
placed,  as  that  both  hammers  in  the  time  they 
come  to  their  perpendicular  pofition  in  two  lines 
of  diredion,  that  interfeCl  each  other,  ttrike  at 
the  fame  time  again!!:  an  ivory  ball,  lying  on 
the  board.  And  the  ball  direCtly  takes  its  courfe 
along  the  middle  line  between. the  faid  two  lines 
of  direction. 
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§.  14.  With  refpeft  to  the  lines  in  which  a 
body  moves,  motion  is  either  rectilinear  or  cur¬ 
vilinear.  This  laft  is  produced  by  confpiring 
forces,  and  therefore  compound:  The  firft  is 
either  compound,  or  may  be  confidered  as  fuch 
in  regard  a  parallelogram  may  be  defcribed 
about  any  right  line. 


CHAP.  III. 

Of  heightening  the  Forces  by  Machines. 

§.  1 5.  A  FORCE  is  heightened  or  increafed3 
jljL  when  made  capable  of  performing 
more  than  it  naturally  can  of  itfelf;  and  thus 
either  effect  in  a  certain  time  as  much  as  a 
greater  force  in  a  like  time;  or,  do  fomething 
more  in  a  fhorter  time  than  otherwife  it  is  capa¬ 
ble  of. 

§.  16.  A  machine  by  which  a  force  may  be 
increafed,  is  a  body  in  which  three  points  come 
to  be  confidered.  On  one  of  them  the  body 
refts;  but  at  both  the  others,  the  power  and 
weight  are  applied.  A  body  has  weight,  in  fo 
far  as  with  its  gravity  it  withftands  the  force  of 
another.  And  in  fo  far  as  weight  and  power 
by  their  gravity  exert  a  force,  in  fo  far  they 
have  weight. 
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§.  27,  By  gravity  a  body  is  impelled  to  the 
centre  of  another  in  a  perpendicular  line,  drawn 
from  the  point  of  a  body,  dividing  it  into  two 
parts  of  equal  weight,  and  called  the  centre  of 
gravity.  The  manner  of  determining  which  in 
the  feveral  kinds  of  bodies,  Baron  JVoIfius  fhews 
in  his  Element  a  Mechanic  §.  158— -191. 

§.  18.  Among  the  heightening  machines  the 
leaver  ranks  firft,  confifting  of  an  inflexible 
line,  ABC  fig.  2.  plate  1.  which  refts  in  fuch 
a  manner  on  the  point  B,  as  that  both  the  parts 
AB  and  BC  weigh  equal:  But  at  the  other 
two  points  A  and  C  the  weight  G  and  power  F 
are  applied. 

§.  19.  As  the  lines  of  direction  AI  and  CH, 
in  which  power  and  weight  a<5t,  are  perpendicu¬ 
lar,  §.  17.  The  diftances  of  weight  and  power 
from  the  centre  of  motion,  or  fulcrum  B,  are 
eftimated  by  the  perpendicular  lines  BA  and 
BC,  which  may  be  drawn  from  the  fulcrum  B 
of  the  leaver  to  the  lines  of  direction  AI  and 
CH. 

§.  20.  With  regard  to  the  inflexible  line,  of 
which  the  leaver  confifts,  the  leaver  is  divided 
into  the  rectilinear  and  curvilinear :  And  with 
regard  to  the  fulcrum,  into  the  heterodremous , 
and  homodromons  leaver .  In  the  heterodromous , 
or  leaver  of  the  firft  kind,  the  fulcrum  B  Hands 
between  the  points  of  weight  and  power.  In 
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the  homodromous,  or  leaver  of  the  fecond  and 
third  kinds,  without  fide  both  thefe  points.  A 
full  explication  of  the  curvilinear  leaver,  M. 
George  Frederick  Barman ,  has  given  in  his  Dijfer- 
tatio  Mathematica  de  Vediibus  curvilineis ,  publifhed 
in  1737. 

§.  21.  In  the  heterodromous  leaver  the  power 
F  and  weight  G  are  of  equal  weight,  when 
the  power  F  is  to  the  weight  G,  inverfely  as 
the  diilance  A  B  of  the  weight  to  the  diilance 
BC  of  the  power,  fig.  2.  plate  1.  For  the  lines 
CH  and  AI,  in  which  power  and  weight  have 
a  conatus  to  fall,  pafs  thro’  the  centre  of  their 
gravity.  And  thus  as  well  power  as  weight  adls 
to  right  and  left  with  equal  weights.  Suppofing 
F  to  be  one  pound,  it  abls  equally  ilrong  from 
7  to  6  and  8  :  Suppofe  G  to  be  three  pounds,  it 
acts  with  three  half  pounds  from  A  to  6,  and 
with  three  half  pounds  from  A  to  E.  From  E 
to  B  are  four  equal  parts,  and  from  D  to  B  alfo 
four  equal  parts.  Now  as  power  and  weight, 
by  means  of  the  leaver,  unite  their  effedls  in  the 
fulcrum  B,  they  are  both  together  to  be  confi- 
dered  as  one  body  KL,  which  reils  in  the  cen¬ 
tre  of  gravity  M,  and  weighs  equally  both  to 
right  and  left.  As  weight  and  power  unite  tfteir 
effedfc,  that  is,  their  gravity  in  the  fulcrum,  this 
laft  is  called  the  common  centre  of  gravity . 

•  And  feeing  F  :  G  ;  :  AB  :  BC,  by  the  rule  of 
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four  geometrical  proportionals,  the  product  of  F 

r 

and  B  C  is  equal  to  that  of  G  and  A  B.  Now 
F  is  the  power,  and  BC  its  diftance  from  the 
fulcrum  B ;  and  G  the  weight,  and  A  B  its 
diftance  from  the  fame  point  or  fulcrum.  And 
thus  the  forces  of  bodies,  that  weigh  equally  at 
a  leaver,  are  eftimated  by  the  produdt  of  their 
maftes  into  the  diftances  from  the  fulcrum  ♦,  this 
produdt  is  ufually  called  the  momentum  of  the 
weights. 

§.22.  Two  forces  at  5  and  6  on  a  heterodro- 
mous  leaver  are  to  each  other  inverfely  as  their 
diftances  B  6  and  B  ^  from  the  fulcrum.  Let 
AB  =  B  5,  and  B  6  =  2  B  5:  Hang  on  two 
pounds  in  A,  and  in  5  two  pounds  alio:  And 
thus  the  leaver  Bands  at  reft.  Hang  in  A  two 
pounds,  and  in  6  one  pound  :  and  thus  too  the 
leaver  is  at  reft,  §.  21.  Now  the  two  pound 
power  at  5  is  to  the  one  pound  at  6,  as  the 
double  diftance  B  6  is  to  the  iingle  B  5. 

§.  23.  And  thus  in  the ■  homodromous  lea¬ 
ver  the  weight  is  to  the  power,  inverfely  as  the 
diftance  of  the  power  to  the  diftance  oi  the 
weight,  fig.  2.  plate  1.  Taking  B  for  the  point 
of  motion  or  fulcrum  of  the  leaver,  one  of  ei¬ 
ther  powers  at  5  and  6  may  Be  considered  as  a 
weight,  fuftained  by  the  other.  Nov/  as  the 
fulcrum  B  Bands  without  the  points  5  and  6, 
at  which  power  and  weight  are  applied:  So  is 
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the  leaver,  at  which  they  hang,  homodromous* 
§.  20. 

§.  24.  As  the  leaver  is  not  refoivable  into 
other  machines,  it  ranks  among  the  fimple  kind, 
and  that  as  the  firft:  *,  the  fecond  place  the  pulley 
takes ,  the  third  the  wheel  the  fourth  the  fcrew ; 
the  fifth  the  wedge.  But  thefe  four  fimple  ma¬ 
chines  are  only  heterodromous  leavers,  in  which 
the  centre  of  motion,  and  the  points  of  power 
and  weight,  on  account  of  the  different  circum* 
fiances,  flrike  not  the  eye  fo  diflin<5lly  as  in  the 
leaver;  which  is  reprefented  fimpiy  as  a  bare 
line  with  thole  three  mentioned  points.  The 
pulley  fig.  8.  plate  2.  is  a  circle  or  fheeve  BF 
A  E  L,  about  which  goes  a  rope,  at  which 
weight  and  power  may  be  applied.  At  C  is  the 
centre  of  motion  of  the  fheeve.  At  the  one  end 
A  the  power  acls ;  at  the  other  B  the  weight. 
So  that  the  line  BCA  exhibits  a  heterodromous 
leaver.  But  as  the  points  A  and  B  are  equidif- 
tant  from  the  centre  C,  fo  in  order  to  fuftain  the 
weight  in  a  Angle  pulley,  a  power  equal  thereto 
is  neceffary.  But  if  on  the  other  hand  a  number 
of  pulleys  be  combined  in  fuch  a  manner,  as 
that  the  effect  of  the  weight  is  divided  or  fhared 

a 

out  by  the  rope  drawn  about  them  *  the  dis¬ 
tance  of  the  power  increafes  with  the  number  of 
the  pulleys:  And  thus  the  power  is  incrcafed, 
which  it  is  not  in  the  fingle  pulley.  Such  a 
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combination  of  pulleys  is  called  a  polyfpaßus , 
or  a  tackle  of  pulleys,  A  wheel  is  a  circle 
A  F  B  L  E  faftened  on  an  axis  I  G  H,  which 
at  the  fame  time  with  the  axis  may  be  moved 
round  their  common  centre  C,  fig,  8.  plate  2, 
If  the  weight  is  applied  to  the  axis  at  the  point 
G,  and  the  power  to  the  wheel  at  the  point  B, 
power  and  weight  a<5t  on  each  other  by  means 
of  a  heterodromous  leaver ;  and  thus  the  power 
at  B  is  to  the  weight  at  G,  as  the  radius  of  the 
axes  C  G  to  the  radius  of  the  wheel  B  C.  For, 
that  is  the  diftance  of  the  weight,  and  this  the 
diftance  of  the  power  from  the  centre  C.  The 
greater,  therefore,  the  radius  of  the  wheel,  the 
lefs  power  is  requifite  for  one  and  the  fame 
weight.  But  if  the  weight  at  the  wheel,  and  the 
power  be  brought  nearer  the  centre'*,  when,  for 
inftance,  a  wheel  is  turned  by  a  crank,  the 
power  to  be  applied,  muft  be  greater  than  the 
weight  to  be  moved.  If  feveral  wheels  are  com¬ 
bined  together,  fo  as  that  one  always  plays  in, 
or  takes  another,  and  the  weight  is  applied  to 
the  axis  of  the  laft  wheel,  and  the  power  to  the 
firft  wheel }  power  and  weight  are  in  the  com¬ 
pound  inverfe  ratio  of  the  radii  of  the  axes,  and 
of  the  radii  of  the  wheels :  Or,  the  power  is  to 
the  weight  inverfe] y  as  the  product  of  the  radii 
of  the  axes  to  the  product  of  the  radii  of  the 
wheels.  Suppofe  three  wheels,  and  at  the  axis  of 
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the  laft  6000  pounds  are  hung ;  and  fuppoie  the 
radius  of  this  third  wheel  to  be  to  the  radius  of 
its  axes,  as  6  to  1.  Now  in  order  only  to  fuftain 
the  6000  lb.  by  this  third  wheel,  a  power  of 
1000 lb.  would  be  necefiary.  For,  6:1::  6000: 
1000:  and  thus  the  fecond  wheel  has  icoolb, 
to  fuftain.  If  its  radius  is  to  that  of  its  axis,  as 
10  to  1,  you  need  only  apply  to  the  fecond 
wheel  a  power  of  100  lb.  For,  10  :  1  :  :  1000  : 
100,  And  thus  you  have  to  fuftain  with  the 
firft  wheel  only  a  weight  of  100  lb.  And  if  its 
radius  is  to  that  of  its  axis,  as  10  to  1,  the  firft 
wheel  requires  only  a  power  of  iolb.  For,  10 : 
1  :  100  :  :  10.  And  this  very  reckoning  comes 
out,  on  multiplying  the  radii  of  the  wheels  and 
alfo  the  radii  of  the  axes  together*,  the  produdl 
of  the  faid  radii  of  the  wheels  being  600,  and 
the  produdl  of  thofe  of  the  axes  being  1  :  and 
therefore  600  :  1:  :  6 000  :  10.  Or,  1:  600  :  :  10  : 
6000. 

Wedge  and  fcrew  are  inclined  planes:  On 
which  in  order  to  fuftain  a  weight,  the  power 
muft  be  to  the  weight,  as  the  height  of  the  plane 
A  B  to  the  length  BC  fig.  9.  plate  1.  Power 
and  weight  a£t  on  the  inclined  plane  againft 
each  other  juft  as  at  a  leaver.  In  order  to  ex¬ 
plain  this,  fig.  1.  plate  1.  may  ferve.  If  the 
weight  be  drawn  from  G  to  A,  and  there  fuf- 
tained ;  it  is  the  very  fame  thing  as  if  it  were  in 
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E,  and  fuflained  by  a  power  adling  in  the  line 
EA.  For,  every  where  in  the  horizontal  line 
F  H  G  it  may  have  its  centre  of  motion.  Now 

as  in  E  it  is  as  diflant  from  that  line  as  in  A; 

/ 

fo  EG  is  the  diflance  of  the  weight  from  the 
centre  of  motion  G.  The  line  A  E,  in  which 
the  power  ads  is  parallel  and  equal  to  the  bafc 
line  F  G.  And  fo  you  are  to  confider  F  G  as 
the  diflance  of  the  power  from  the  centre  of 
motion  G;  FGE  therefore  exhibits  a  hetero» 
dromous  leaver.  And  thus  the  power  in  F  or 
A  is  to  the  weight  in  E,  inverfely  as  the  diflance 
E  G  of  the  weight  to  the  diflance  F  G  of  the 
power.  E  G  is  the  height,  and  F  G  the  length 
of  the  inclined  plane.  So  that  on  it,  the  power 
is  to  the  weight,  as  the  height  to  the  length  of 
the  plane. 

A  fcrew  is  an  inclined  plane  carried  round 
an  axis.  The  axis,  round  which  it  is  carried,  is 
called  the  fpindle.  If  the  threads  are  internally 
on  the  furface  of  an  excavated  axis,  the  fcrew  is 
called  a  f crew-nut.  The  diflance  of  the  fcrew- 
threads  is  the  height,  and  the  periphery  of  the 
fcrew,  the  length  of  the  inclined  plane,  thus  car¬ 
ried  round.  So  that  in  the  fcrew  the  power  is 
to  the  weight  as  the  diflance  of  the  fcrew-dmads 
to  the  periphery  of  the  fcrew.  When  the  fcrew 
takes  a  flar- wheel,  it  is  called  the  endlefs  fcrew- , 
with  only  three  threads.  The  cogs  in  the  flar- 
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wheel  mufl  be  cut  by  the  fcrew-threads,  that  is, 
by  the  angle  of  the  fpindle.  On  each  turn  of 
the  fcrew,  a  cog  is  turned  in  the  ftar-wheel. 

In  the  cafe  of  the  Tingle  wedge,  which  is  a 
Tingle  inclined  plane,  the  power  is  to  the  weight 
as  the  thicknefs  of  the  wedge  to  its  length:  And 
in  the  cafe  of  the  double  wedge,  which  is  a 
double  inclined  plane,  the  fame  proportion 
holds.  How  this  may  be  difcovered  by  experi¬ 
ment,  Gravejande  fhews  in  his  Element  a  PE/ices , 
§.  120,  and  the  Abbe  Nollet  in  his  Lemons  de 
Phyfique ,  T.  III.  Lefon  IX.  Seel.  i.  Experiment  II. 


CHAP.  IV. 

Of  the  Rubbing  or  Friction,  and  the  Re¬ 
finance  arifing  in  Motion. 

§.  25.  A  S  on  the  furface  of  a  body  certain 
A  1L  parts  projedt  beyond  the  others,  To 
the  roughnefs  thence  arifing  weakens  die  mo¬ 
tion  of  the  body,  which  is  to  be  propelled  on 
Tuch  a  furface.  The  refinance  arifing  from  this 
roughnefs  is  called  the  rubbing  or  friPUcn ;  whole 
degree  of  ftrength  or  intenfenefs  is  to  be  fought 
for  partly  from  the  quantity  of  the  roughnefs, 
partly  from  the  quantity  of  the  furface,  on  which 
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the  body  moves,  partly  from  the  prefiion  with 
which  the  body  a£ls  on  the  furface.  How  va¬ 
rious  it  is  in  machines,  the  experiments  made 
with  the  trilometer  fhew,  defcribed  by  Mufchen- 
broeck  in  his  Inflitutiones  Phyfic^e^  chap.  ix.  de  at* 
tritu  machinarum ,  where  he  relates  the  many  ex¬ 
periments  he  had  made  therewith.  It  is  a  roller, 
which  may  be  placed  horizontal,  with  its  two 
well  polifhed  gudgeons  in  fockets,  which  may 
be  lodged  in  pillars  and  again  taken  out.  And 
fockets  of  all  kinds  of  metals,  and  of  different 
forts  of  wood  are  ufed  for  the  purpofe,  in  order 
to  obferve  the  difference  of  rubbing  in  thofe  fe~ 
veral  kinds  of  materials.  Round  the  roller  a 
firing  is  flung,  at  whofe  ends  two  equal  weights 
hang.  On  the  one  you  lay  fome  of  the  parts 
or  fubdivifions  of  a  pound  fo  long,  till  this 
weight  finks  down  and  the  other  rifes.  The 
parts  of  the  pound  added  ihew  the  degree  of  the 
rubbing. 

§.  26.  If  a  body  is  propelled  in  a  fluid;  in  re¬ 
gard  to  the  refiftance  we  are  to  confider  partly 
the  cohefion  of  the  parts  that  are  to  be  feparat- 
ed;  partly  the  fluggifhnefs  and  gravity  of  the 
oppofing  matter ;  partly  the  quantity  of  the 
fpace  through  which  the  body  moves;  partly 
the  magnitude  and  velocity  of  the  moving  body. 
The  more  fluggifli  the  fluid,  the  heavier  and 
denfer  it  is.  But  the  greater  the  den fity  or 
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gravity,  the  greater  the  refinance.  The  greater 
the  fpace  through  which  the  body  moves  in  a 
/  fluid,  the  greater  the  number  of  the  particles 
which  it  is  to  propel,  and  thus  too  the  refiftance 
the  more  increafed.  And  in  like  manner  it  will 
be  always  greater,  the  greater  the  force  with 
which  the  moving  body  a£ts  on  the  fluid :  For, 
the  ftronger  the  body  a£is  on  the  fluid,  the 
ftronger  the  fluid  re-a<fts.  Alfo  a  body  mull 
undergo  a  greater  refiftance  than  another,  if  its 
furfa.ce  exceeds  that  of  the  other.  For,  the 
greater  its  furface,  the  greater  number  of  parts 
it  muft  propel. 

By  the  refiftance  of  a  fluid,  a  body  is  weak¬ 
ened  in  its  motion,  or  retarded.  Refiftance  and 
retardation  are  mutually  equal,  when  confidered 
in  one  and  the  fame  body.  For  inftance,  a  ball 
ihot  through  the  air;  the  decreafe  of  velocity, 
or  the  retardation  of  the  ball  is  fo  great,  as  is 
the  refiftance  of  the  air.  On  the  other  hand, 
in  two  bodies  different  retardations  may  arife  by 
one  and  the  fame  refiftance.  As  fuppofe  we  let 
a  ball  of  lead  and  a  ball  of  clay,  both  of  equal 
magnitude,  go  into  water  with  an  equal  velocity 
in  one  and  the  fame  direction :  Both  balls  un¬ 
dergo  an  equal  refiftance,  as  an  equal  quantity 
of  water  makes  refiftance  to  both.  But  as  the 
bail  of  lead  is  denier,  or  contains  more  matter, 
with  which  it  ftrikes,  and  confequently  is  ftronger 
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than  the  ball  of  clay ;  fo  the  velocity  of  the  ball 
of  lead,  in  the  time  that  the  ball  of  clay  lofes  a 
part  of  its  firft  velocity,  comes  to  lofe  a  lefs 
part.  By  fo  much  therefore,  as  the  denfity  of 
the  ball  of  lead  exceeds  that  of  the  equal  ball  of 
clay,  by  fo  much  lefs  the  motion  of  the  ball  of 
lead  is  retarded  in  the  water.  The  peculiar 
laws  of  refiftance  and  retardation,  which  bodies 
undergo  when  moving  in  fluids.  Grave  fände  ex¬ 
plains  in  his  Element  a  Phyßees ,  lib.  ii,  c.  6.  NoE 
let  in  his  Lemons  de  Phyfique ,  T.  I.  Lejon  III. 
Sedt.  3.  art.  x.  and  M.  D.  Jacob  Adami  in  his 
Specimen  hydrodynamicum  de  refiftentia  corpontm  in 
fiuidis  mot  or  um which  in  175  2  gained  the  prize 
prcpofed  by  the  royal  academy  of  fciences  at 
Berlin  for  examining  this  fubjedh 

If  the  fluid  moves  in  one  and  the  fame  direc- 

1 

tion,  with  a  body  moving  therein,  and  with 
a  like  velocity,  it  retards  not  at  all  the  motion 
of  the  body.  But  if  flower  than  the  body 
moving  therein,  it  retards  the  body  a  little. 
The  nearer  its  degree  of  flownefs  approaches 
to  a  ftate  of  reft,  the  nearer  its  refiftance  ap¬ 
proaches  to  the  refiftance  which  it  caufes  in  its 
ftate  of  reft.  And  thus  if  it  moves  againft; 
the  body,  its  refiftance  is  greater  than  when 
fully  at  reft.  De  la  Hire  in  the  Memoires  of 
the  royal  academy  of  lciences  at  Paris ,  has 
attempted  to  inveftigate  the  power  neceftary 
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to  move  fhips  as  well  in  flanding  as  in  running 
water. 

The  motion  of  a  body  which  either  rubs,  or 
is  retarded  in  a  fluid,  muft  therefore  at  length 
ceafe. 


CHAP.  V. 

General  Propositions  of  velocity  or  celerity* 

§.  27.  IF  the  times,  which  two  bodies  moving; 

-L  uniformly  take  to  run  in,  are  mutually 
equal;  the  celerities  of  the  bodies  are  to  each 
other  as  the  fpaces  run  over.  For  inftance,  if  A 
in  one  fecond  runs  over  one  foot,  and  B  in  one 
fecond  four  feet;  the  celerity  of  the  body  A  is 
to  that  of  the  body  B  as  1  to  4. 

§.28.  But  if  the  fpaces  are  mutually  equal, 
the  celerities  are  to  each  other  inverfely  as  the 
times,  which  the  uniformly  moving  bodies  take 
to  run  in.  For,  in  lefs  time  the  motion  is  per¬ 
formed  in  an  equal  fpace,  the  greater  the  celerity. 
As,  fuppofe  A  to  run  over  a  fpace  of  eight  feet, 
and  B  in  like  manner  a  like  fpace;  and  the  time 
in  which  A  does  it  to  be  one  fecond,  and  that  in 
which  B,  four  feconds:  As  that  thus  A  is  four 
times  fwilter,  that  is,  the  celerity  of  A  is  to  that 
of  B,  inverfely  as  four  feconds,  which  B  takes, 
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to  one  fecond,  in  which  A  defcribes  the  fpace. 
And  thus  the  celerities  of  two  bodies  are  in  ge¬ 
neral  in  the  compound  ratio  of  the  dired  ratio 
of  the  fpaces,  and  the  inverfe  ratio  of  the  times  * 
that  is,  the  celerity  of  the  body  A  is  to  the  ce¬ 
lerity  of  the  body  B,  as  the  produd  of  the  fpace, 
which  the  body  A  runs  over,  and  of  the  time 
which  the  body  B  takes *,  to  the  produd  of  the 
fpace,  which  the  body  B  runs  over,  and  of  the 
time  which  the  body  A  employs.  And  thus 
according  to  the  foregoing  example,  the  celerity 
of  the  body  A  is  to  that  of  B,  as  32,  the  produd 
of  8,  the  fpace  run  over  by  A,  and  of  4,  the 
time  which  B  has  taken,  to  8,  the  produd  of  85 
the  fpace  accomplifhed  by  B,  and  of  1,  the  time 
which  A  has  employed.  But  32  is  to  8,  as  4 
is  to  1. 

.  \ 

§.  29.  As  a  Tingle  time  and  a  fingle  celerity 
muft  give  a  fingle  fpace ,  fo  a  double  time  and 
a  double  celerity  muft  give  a  fourfold  fpace. 
And  thus  in  uniform  motions  we  find  the  fpace* 
upon  multiplying  time  and  celerity  together:  As 
a  point  in  the  periphery  of  the  earth’s  equator, 
running  over  two  hundred  and  twenty-five  ger¬ 
man  miles  in  an  hour*,  flieh  is  the  celerity  of 
that  point.  And  therefore  in  twenty-four  hours, 
the  time  in  which  the  earth  revolves  about  her 
axis,  this  point  will  accomplifh  a  fpace  of  five 
thoufand  four  hundred  german  miles, 
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§.  30.  As  therefore  the  fpace  is  a  produce,, 
and  time  and  celerity  its  factors,  you  find  the 
celerity  of  a  body  moving  uniformly,  on  divid¬ 
ing  by  the  time  the  fpace  run  over :  As  dividing 
5400  by  24,  you  find  the  celerity  of  a  point  in 
the  periphery  of  the  earth’s  equator  to  be  225* 
that  is,  it  performs  fo  many  miles  in  an  hour. 

§.31.  If  the  weight  A,  fig.  4.  plate  1.  at  a 
leaver  A  C  B,  is  raifed  by  the  power  B,  the  ce¬ 
lerity  of  the  weight  A  is  to  that  of  the  power  B9 
as  the  diftance  AC  of  the  weight,  to  the  diftance 
BC  of  the  power:  For,  thofe  diflances  are  radii 
of  concentrick  circles:  And  in  fuch,  the  arches 
A  a  and  B  b  are  to  each  other,  as  the  laid  radii 
AC  and  BC.  But  as  A  a,  the  fpace  run  over, 
is  to  the  fpace  run  over  B  b,  fo  the  celerity  of 
the  weight  A  to  that  of  the  power  B,  §.  27. 

§.32.  From  this  it  appears,  that  in  the  five 
fimple  organs  you  mufl  employ  fo  much  the 
more  time,  the  greater  the  weight,  which  is  to 
be  moved  by  a  fin  all  power.  As  if  in  the  faid 
leaver,  the  fpace  A  a  is  to  the  fpace  B  b,  as  1  to 
3 ;  and  if  the  power,  which  raifes  the  weight 
through  the  fpace  A  a,  defends  through  the 
fpace  B  b  in  a  fecond  ♦,  you  will  require  three  fe- 
conds,  in  order  to  raife  the  weight  at  this  leaver 
by  means  of  this  very  power,  through  a  fpace  as 
great  as  B  b.  The  flower  a  weight  moves  at  a 
leaver,  the  quicker  the  power,  §,  27.  By  the 
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fimple  machines  or  organs,  §.  24,  as  the  hetero- 
dromous  leavers,  a  power  is  fo  ordered,  as  to 
have  a  certain  degree  of  velocity,  whereby  what 
it  wants  in  weight  is  compenfated  in  force.  To 
this  head  belong  M.  Amcutons's  refledions  on 
the  force  of  machines,  publifhed  in  the  Me- 
moires  of  the  royal  academy  of  fciences  at  Paris . 


CHAP.  VI. 


Of  the  Motion  of  falling,  afcending  andi 

projected  Bodies. 

§.33,  fk  S  a  falling  body  above  our  earth  at 
ii  the  height  at  which  an  experiment 
may  be  made,  is  almofi  conflantly  propelled  by 
one  and  the  fame  degree  of  gravity;  fo  in  the 
fall  it  acquires  (till  greater  degrees  of  velocity, 
which  arc  equal  to  the  times.  Such  an  in- 
creafmg  motion  is  called  uniformly  accelerated. 
The  velocity  of  a  falling  body  is  thus,  in  a 
Single  time,  fingle;  in  a  double  time,  double;  in 
a  triple,  triple;  in  a  quadruple,  quadruple,  &c„ 
§.  34.  And  thus  if  nothing  withftands  a  fall¬ 
ing  body,  and  if  the  refiftance  is  inconfiderable; 
the  fbaces  which  it  accomplifhes  in  different 
times  by  its  fall,  are  to  each  other,  as  the 
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fquares  of  the  times  or  velocities;  and  the  fpaces 
increafe,  as  the  odd  numbers,  i,  3,  5,  7,  &c. 
do.  For,  we  find  the  fpace  on  multiplying  the 
time  by  the  velocity,  §.  29.  Now  in  uniformly 
accelerated  motion  the  velocity  is  as  the  time, 
§.  33.  And  if  the  velocity  be  multiplied  by  the 
time,  it  is  all  one  as  if  the  time  were  fquared, 
or  multiplied  by  itfelf.  Call  the  fpace  S,  the 
time  T,  and  the  celerity  C.  And  thus  multiply¬ 
ing  1  T  by  1  C,  the  fpace  in  the  firfl  inflant 
or  moment  is  equal  to  1  S:  But  multiplying 
2  T  by  2  Q  the  fpace  in  two  moments  is  = 
4  S:  And  multiplying  3  T  by  3  C,  in  three 
moments  the  fpace  is  =  9  S.  But  the  number 
1,  4,  9,  are  the  fquares  of  the  times,  or  celeri¬ 
ties,  1,  2,  3.  On  deducing  the  firfl  of  the  faid 
fquare  numbers  from  the  fecond,  and  this  from 
the  third,  and  in  general,  the  next  proceeding 
from  the  following,  there  come  out  the  odd 
numbers,  1,  3,  5,  The  demonflration  may  be 
illuflrated  by  means  of  a  rectangular  triangle, 
in  which  the  equal  parts  of  the  line  AB  fig.  5. 
plate  1.  denote  the  times  of  the  fall;  and  the 
lines  id,  2  c,  3  f,  B  C,  the  celerities ;  and  the 
triangle,  the  fpace  deferibed  by  the  falling  body. 
For  the  triangle  A  1  d  is  to  the  triangle  A  2  c, 
as  the  fquare  of  the  fide  A  1  to  the  fquare  of 
the  fide  A  2 ;  or,  -as  the  fquare  of  the  fide  1  d 
to  'the  fquare  of  the  fide  2.  c.  Huygens  found, 
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that  a  body,  whether  heavy  or  light,  at  no  great 
diftance  from  the  furface  of  the  earth,  accomB 
plifhes  in  the  firft  fecond  of  its  fall  a  height  of 
15  ^  Paris  feet.  The  demonftration  Baron 
mifius  gives  in  his  Element  a  Mechanic §.  473. 

§.35.  And  thus  in  the  cafe  of  bodies  falling 
freely,  the  times  in  the  different  fpaces  of  the 
fall  are  as  the  fquare  roots  of  the  fpaces.  And 
thus  the  time  in  a  quadruple  fpace  is  to  that  in 
a  ninefold  fpace,  as  the  fquare  root  of  4  to  the 
fquare  root  of  9;  that  is,  as  2  to  3.  The  truth 
of  this  proportion,  in  Galileo's  manner,  who  firfl 
made  it  known,  and  defcribed  it  in  his  third  di¬ 
alogue  de  motu ,  may  be  effablifhed  by  an  expe¬ 
riment  ;  with  letting  an  ivory  ball  run  down  a 
well  polifhed  tube  on  an  inclined  plane,  which 
may  be  elevated  by  the  fquares  of  the  times,  1, 
4,  9,  1 6,  25  inches;  and  obferving  the  times,  in 
which  at  each  height  it  has  finifhed  its  courfe, 
by  a  pendulum. 

§.  36.  And  therefore  light  and  heavy  bodies 
fall  equally  fwift  in  vacuo,  or  accomplifh  equal 
fpaces  in  equal  times.  For,  if  a  light  body  A 
falls  through  nine  feet,  and  another  heavier 
body  B  in  like  manner  through  nine  feet;  the 
iquare  roots  of  their  fpaces,  and  confequently 
too  their  celerities  are  mutually  equal.  If,  for 
inftance,  a  pound  of  lead  falls,  it  is  the  fame 
thing,  as  If  thirty-two  fingle  loths  or  half  ounces 
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began  to  fall  at  once.  And  thus  the  pound  of 
lead  reaching  the  bottom,  is  the  fame  thing,  as 
if  thirty-two  (ingle  half  ounces  reached  it  at  the 
fame  time.  And  as  thus  each  half  ounce  apart 
falls  as  quick  as  the  other;  fo  alfo  each  half 
ounce  apart  falls  as  quick,  as  thirty-two  half 
ounces,  which  begin  to  fall  at  the  fame  time; 
and  consequently  as  quick  as  a  whole  pound. 

§.  37.  The  action  of  a  body  in  motion  arifes 
partly  from  its  mafs,  or  quantity  of  matter; 
partly  from  its  velocity.  For,  without  mafs  it 
cannot  be  a  body,  and  without  velocity  it  can¬ 
not  move.  In  order  therefore  to  inveftigate  the 
quantity  of  the  action,  produced  by  a  body  in 
motion,  we  are  to  confider  the  quantity  of  its 
mafs  and  the  quantity  of  its  velocity.  And  as 
no  velocity  is  conceivable  without  time;  fo  in 
confidering  the  quantity  of  the  adtion  produced 
by  a  body  in  motion,  we  are  not  to  forget  in 
what  time  the  adtion  was  accomplifhed.  Suppofe 
two  equal  holes  A  and  B  (truck  or  bored  through 
a  board,  every  where  equally  thick ;  the  one  A 
In  ten,  the  other  B  in  fixty  feconds.  Without 
difpute,  the  action,  by  which  the  one  A  is  made, 
is  greater  than  the  adtion,  by  which  the  other  B 
is  produced. 

§.  38.  By  the  adtion  which  a  body  in  motion 
produces,  we  come  to  know  its  force  and  power, 
§.  11.  And  hence,  inftead  of  the  term,  aftion , 
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it  is  common  to  life  the  terms,  force  and  power . 
The  forces  of  bodies  in  motion  are  living  forces, 
§.  ii.  And  thus  two  bodies  having  equal 
maffes,  and  moving  with  different  celerities, 
their  living  forces  are  as  their  celerities. 

§.  39.  If  therefore  two  bodies  of  unequal 
maffes,  as  A  of  one  pound,  and  B  of  four  pounds, 
move  equally  fwift;  their  living  forces  are  to 
each  other,  as  their  maffes :  As  the  force  A  is  to 
the  force  B,  as  1  to  4. 

§.  40.  And  thus  if  two  bodies  A  and  B  of 
unequal  maffes  move  with  unequal  velocities, 
their  living  forces  are  to  each  other  as  the  pro- 
dudts  of  their  maffes  and  velocities :  As  let  two 
yielding  balls  A  and  B,  whofe  velocities  are 
mutually  in  the  inverfe  ratio  of  their  maffes, 
run  againft  each  other-,  and  A  with  one  pound 
of  mafs  to  have  two  degrees  of  velocity,  and  B 
two  pounds  of  mafs  with  one  degree  of  velocity  *, 
after  the  fhock  the  two  balls  come  to  reft  toge¬ 
ther*,  and  .thus  they  have  adfed  on  each  other 
with  equal  forces,  the  product  of  the  mafs  and 
velocity  of  the  one  ball  being  equal  to  the  pro- 
du6t  of  the  mafs  and  velocity  of  the  other. 

3Tis  thus  Defcartes  in  his  Principia  Philofophia , 
P.  2.  §.36.  And  Nezvton  in  his  Principia  Phi - 
lo f ophite  naturalis^  Defm.  2„  determine  the  quan¬ 
tity  of  the  motion.  Whereas  Leibnitz  in  a  writ- 
ing,  published  in  the  Atia  Erudit .  An.  1686,  and 

entitled 


i 


3° 


Of  M  O  T  I  O  K. 

entitled,  Brevis  demon ftratio  erroris  memorabills 
Cartefii ,  &c.  eftimates  the  living  forces  by  the 
produdts  of  the  maffes  of  the  moving  bodies  and 
the  fquares  of  their  velocities.  As  if  a  body  A 
be  four  pounds  in  mafs,  and  a  body  B  one  pound  ; 
and  A  falls  one  foot  and  B  four  feet;  A  by  the 
fall  gains  a  force  to  rife  again  one  foot,  and  B 
four  feet;  as  will  appear  from  §.  42.  As  thofe 
forces  a 61  no  further  after  reaching  the  faid 
heights ;  fo  the  living  force  of  the  body  A  is  to 
that  of  the  body  B,  as  the  produdt  of  the  mafs 
4,  and  the  height  1,  to  the  produdl  of  the  mafs 
1  and  height  4.  Now  as  thefe  heights  1  and 
4  are  equal  to  the  fpaces,  through  which  the 
bodies  fell,  and  in  which  by  the  fall  they  ac¬ 
quired  the  faid  forces  to  rife  or  afcend  with :  So 
thefe  heights  are  to  each  other,  as  the  fquares  of 
the  velocities,  which  the  falling  bodies  acquired 
in  the  faid  heights  or  fpaces,  §.  34.  From  this 
M.  Leibnitz  concludes,  that  the  force  of  the 
body  A  is  to  that  of  the  body  B,  as  the  produdt 
of  the  mafs  4  and  the  fquare  of  the  velocity  x, 
to  the  product  of  the  mafs  x,  and  fquare  of  the 
velocity  2 :  And  that  thus  the  living  forces  of 
the  bodies  A  and  B  are  mutually  equal;  as  one'' 
and  the  fame  force  is  neceflary  to  raife  a  four¬ 
fold  weight  through  a  Tingle  height,  as  to  raife 
a  Tingle  weight  through  a  fourfold  height.  If 
the  bodies  A  and  B  are  metal  balls  of  equal  di¬ 
ameters. 
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ameters,  and  fall  through  the  faid  heights  into 
fand  or  foft  clay ;  they  make  equal  pits  therein. 
This  experiment  is  fuppofed  to  eftablifh  the 
living  force  of  the  ball  B  to  be  as  great  as  the 
living  force  of  the  ball  A.  But  this  can  by  no 
means  be  admitted,  as  profeffor  Kraft  fhews  in 
his  Prtelefiiones  in  Phyficam  cPheoreticam ,  §.  95 — 
100.  The  quantity  of  a  living  force  is  to  be 
eftimated  by  the  quantity  of  the  adiion  or  effect 
produced  by  it,  §.38.  But  in  that  we  are  to 
confider  the  time,  in  which  the  effedt  was  ac~ 
complifhed,  §.  37.  The  pits  which  were  made 
in  the  fand  or  clay  by  the  balls  A  and  B,  are 
indeed  mutually  equal ;  but  not  compleated  in 
equal  times.  The  ball  B  is  fwifter  in  the  fall 
than  the  ball  A ;  and  thus  makes  its  pit  in  a 
fnorter  time  than  the  ball  A.  Much  lefs  can  we 
admit,  that  the  forces  with  which  the  four- 
pound  body  A  can  afcend  one  foot;  and  the  one- 
pound  body  B,  four  feet,  are  mutually  equal;  as 
body  B  takes  fo  much  longer  time  to  afcend  in 
than  A,  as  it  took  a  longer  to  defcend  in  than 
A.  For,  if  A  falls  one  foot,  but  B  four  feet; 
B  in  falling  takes  double  the  time,  §.  35. 

§.  41.  As  the  caufe  of  gravity,  which  ac¬ 
celerates  uniformly  the  velocity  of  the  falling 
body,  weakens  the  motion  of  the  perpendicularly 
afcending;  fo  this  motion  uniformly  decreafes: 
And  the  decreafe  of  the  fpaces  arifes  according 
to  the  odd  numbers,  7,  5,  3,  i,  §. 
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§.  42.  If  fuch  a  body  in  the  firii  moment 
afcends  through  a  fpace,  denoted  by  7 ;  in  the 
fecond  it  afcends  through  a  fpace  5 ;  in  the  third 
through  a  fpace  3  ;  and  in  the  fourth  through  a 
fpace  1.  After  compleating  which,  by  reafon 
of  gravity,  it  fails  back  again,  and  thus  in  the 
firft  moment  through  i,  in  the  fecond  through 
3,  in  the  third  through  5,  and  in  the  fourth 
through  7.  In  which  lafb  moment  it  has  by  the 
fail  acquired  the  fame  force  again,  with  which 
in  the  firft  it  began  to  afcend. 

§.  43.  A  weight  fattened  at  a  thread  AC 
fig.  6.  plate  1.  moveable  about  a  fixed  point  C, 
is  called  a  pendulum;  and  thread  and  weight 
together  are  called  a  plummet. 

§.  44.  So  long  as  the  pendulum  hangs  in  the 
perpendicular  line  C  A,  it  is  at  reft ;  as  in  no 
ether  line  but  this  it  can  fall,  §.  17.  and  is  fuf- 
tained  by  the  fixed  point  C.  So  foon  therefore 
as  the  weight  with  the  extended  thread  is  raifed, 
it  comes  out  of  the  ftate  of  reft,  and  endeavours 
to  fall  in  another  perpendicular  line  B  D.  But 
as  it  is  withheld  here  from  falling  by  the  thread, 
and  thus  drawn  towards  C  by  the  re-a6tion  of 
the  thread  BC;  it  falls  down  to  A  bv  a  com- 

**•  s. 

pound  motion,  §.  13.  The  line  B  A,  through 
which  it  takes  its  way  between  B  C  and  BD,  is 
an  arch  of  a  circle;  as  the  line  BC,  in  which  it 
is  drawn  to  C,  is  conftantly  of  a  length,  and 

1.  con- 
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coniequently  the  ball  itfelf  always  retains  one 
and  the  fame  diflance  from  C.  This  defcent  is 
equivalent  to  the  fall  through  the  height  BD  or 
E  A.  And  fo  it  acquires  a  force,  with  which  it 
can  again  afcend  an  equal  height,  §.  42.  In  the 
perpendicular  EA  this  cannot  happen,  as  the 
weight  has  acquired  an  impulfe  in  the  right  line 
AF,  which  forms  a  right  angle  with  the  per¬ 
pendicular  EA.  And  thus  by  the  compound 
motion  it  afcends  in  the  curye  line  A  G  to  the 
point  G,  as  high  above  F,  as  E  is  above  A,  or 
B  above  D.  And  now  its  acquired  velocity  is 
fpent.  And  fo  by  its  gravity  it  returns  back, 
and  again  afcends  to  B.  Thefe  motions  of 
afcent  and  defcent  from  B  to  G,  and  G  to  B 
are  called  vibrations ,  ofcillations ,  f wings .  They 
fhould  therefore  laft  without  ever  ceafing.  But 
this  they  do  not.  The  arches  which  the  pendu¬ 
lum  defcribes,  becoming  always  lefs :  Partly,  as 
the  thread  rubs  at  its  centre,  or  point  of  fufpen- 
lion  C ;  partly,  as  it  moves  through  a  refilling 
medium.  The  pendulum  has  therefore  been 
applied  to  clocks,  in  which  the  wheel- work,  re- 
ftores  again  the  motion,  which  it  is  deprived  of 
by  the  external  refinance. 

§.  4 5.  In  the  velocity  of  the  pendulum  we 
are  to  confider  the  length  of  the  thread,  and  the 
gravity  of  the  weight.  If  therefore  two  weights, 

one  of  which  is-  heavier  than  the  other,  hany 
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at  equally  long  threads,  and  fall  from  equal 
heights;  the  heavier  vibrates  quicker  than  the 
lighter,  §.  9,  37. 

§.  46.  If  therefore  a  pendulum  is  conveyed 
to  fome  other  part,  but  remaining  unaltered  in 
length,  and  vibrating  flower  in  this  1  aft  place, 
we  may  thence  learn,  that  its  gravity  has  under¬ 
gone  a  decreafe  ;  But  vibrating  quicker  in  that 
other  place,  that  its  gravity  is  increafed. 

§.  47.  If  therefore  two  pendulums  are  equally 
heavy,  and  one  moves  flower,  and  the  other 
quicker;  the  firfi  is  longer  than  the  fecondv 

§.  48.  If  a  heavy  body  is  thrown  either  in 
an  oblique,  or  in  an  horizontal  line  A  C  fig,  7, 
8,  plate  1.  it  defcribes  a  parabolic  line«  Were 
it  without  gravity,  by  the  fingle  force  of  the 
throw,  in  the  firfi  moment  it  would  come  from 
A  to  I ;  In  the  fecond,  from  I  to  II ;  and  in  the 
third,  from  II  to  III  •,  and  all  thefe  lines  deferibed 
in  equal  times,  would  be  mutually  equal,  §.  iq. 
Whereas  by  the  gravity  the  projected  body  is 
forced  to  take  a  line  aede  perpendicular  to  the 
centre  of  the  earth:  So  that  its  motion  is  com¬ 
pounded.  And  thus  in  the  firfi  moment  it  de¬ 
fcribes  the  line  between  both  the  lines  A  I  and 
A  c,  and  in  one  and  that  the  firfi  moment 
comes  to  i;  in  two  moments  between  A  II  and 

A  d  to  4,  and  in  three  moments  between  A  III 

♦ 

and  A  e  to  9.  And,  as  the  lines  I  i,  II  4,  and 

'  III 
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'  HI  9,  are  equal  and  parallel  to  the  lines  A  c. 
Ad,  Ae;  fo  A  c  is  to  A  d,  as  i  to  4-,  and  A  c 
to  A  e  as  1  to  9.  And  further  as  the  lines  A  1, 
A  II,  A  III  are  equal  to  the  lines  c  1,  d  4,  e  9 ; 
fo'  the  fquare  of  the  line  c  1,  is  to  the  fquare  of 
the  line  d  4,  as  1  to  4;  and  the  fquare  of  the 
line  c  1  to  the  fquare  of  the  line  e  9,  as  1  to  9. 
And  therefore  Ac  is  to  A  d,  as  the  fquare  of 
the  line  c  1  to  the  fquare  of  the  line  d  4  and 
A  c  to  A  e,  as  the  fquare  of  the  line  c  1  to  the 
fquare  of  the  line  e  9.  The  lines  Ac,  Ad, 
A  e,  are  called  abfciff^e^  and  the  lines  c  1,  d  4, 
e  9,  femiordinates.  And  thus  the  abfciffe  are  to 
each  other,  as  the  fquares  of  the  femiordinates. 
The  line  drawn  through  the  extremities  1,  4,  9 
of  thofe  femiordinates,  is  called  a  parabolick  line. 
The  thing  may  be  fhewn  by  the  parabolical 
machine,  where  A  I,  A  II,  A  III,  exhibit  the 
times,  and  I  1,  II  4,  III  9,  the  fquares  of  the 
times,  as  the  fquares  of  the  fall,  §.  34.  as  Grave- 
fände  defcribes  this  in  his  Element  a  Phyfices ,  T.  L 
c,  24* 
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The  Doctrine  of  the  Forces, 
with  which  Bodies  mutually  adfc 
on  each  other. 


C  H  A  P.  L 

Of  the  Division  of  Bodies  according  to 

thefe  Forces, 

§.  49.  A  BODY  is  called  fluid,  if  its  parts 
ii  are  feparable  from  each  other  by  a 
fmali  motion  at  a  body  moving  between  them, 
as  of  a  finger-,  hereby  acquiring  a  motion  among 
themfelves,  whereby  they  feek  to  expand  them- 
felves  in  all  directions,  and  again  fill  up  the  for¬ 
mer  fpace,  on  the  caufe  of  the  reparation  ceafing. 
But  if  the  connedtion  or  cohefion  ol  the  parts  be 
ilronger,  the  body  is  called  firm  or  folid. 

§.  50.  The  cohering  parts  of  a  body,  whe¬ 
ther  fluid  or  folid,  may  have  final  1  (paces  or 
interfaces  between  them,  in  which  there  is  no 
corpufcle  ot  the  fame  kind.  Such  a  body  is 
called  porous  or  rare.  The  porofity  may  be 
greater  or  lefs  according  to  the  quantity  and 
number  of  the  intermediate  fmali  fpaces.  The 
Id's  in  companion  of  a  greater,  is  called  denfity . 

§• 
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§.  51.  If  the  porofity  is  of  fuch  a  nature,  as 
that  the  cohering  parts  may  be  brought  into  a 
fmaller  fpace  by  a  determinate  force,  the  body 
is  called  foft.  But  if  the  parts  admit  not  to  be 
thus  brought  into  a  narrower  fpace,  the  body  is 
called  hard.  If  the  parts  of  a  foft  body  have 
the  force  of  expanding  themfelves  into  a  greater 
fpace,  lo  foon  as  the  power  of  the  comprefiion 
ceafes;  fuch  a  body  is  called  elaflick ,  as  a  fpring 
for  inftance. 


C  H  A  P.  II. 

Of  the  Forces  with  which  Bodies  hang  to¬ 
gether  or  cohere. 


§.  52.  II  7ITHOUT  contact  no  body  can 
V  V  cohere  with  another.  The  degree 
of  ftrength,  or  the  intenfenefs  of  the  cohefion 
is  to  be  fought  for,  partly  in  the  forces,  with 
which  the  {ingle  parts  of  bodies  a  £1  on  each 
other;  partly  in  the  number  of  the  points  of 
contact.  A  particular  account  of  cohefion  M* 
Hamberger  has  given  in  his  Phy Ticks,  c.  3. 

§.  53.  The  fmoother  therefore  the  fur  faces 
of  folid  bodies,  and  the  more  the  invifible  cavi¬ 
ties  in  the  furfaces,  by  which  they  mutually 
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touch,  are  filled  with  a  matter,  that  fits  therein; 
the  ftronger  will  their  cohefion  prove,  fo  the 
forces  #f  cohefion,  with  which  the  bodies  ail  on 
each  other,  are  not  weakened  by  an  oppofite 
force.  This  appears  from  the  memorable  ex¬ 
periment  made  by  Mufchenbroeck ,  and  deicribed 
in  his  phyficks,  c.  20.  Take,  for  inftance,  two 
folid  cylinders  of  lead,  each  of  which  has  an  ear 
at  the  bafe,  through  which  a  firing  is  drawn. 
The  diameter  of  the  bafes  may  amount  to  about 
two  lines.  With  a  fharp  knife  fhave  the  bafes 
of  both  cylinders  fmooth,  and  then  prefs  them 
with  a  twifi  or  turn  on  each  other.  And  they 
dire&ly  cohere.  Hang  the  one  cylinder  with  its 
firing  at  a  fafiened  nail.  At  the  firing  of  the 
under  cylinder  hang  on  one  pound  after  another: 
Which  may  be  increafed  to  twenty  pounds  and 
upwards,  before  the  under  cylinder  parts  from 
the  upper. 

M.  Mufchenbroeck  having  heated  two  brafs 
cylinders,  whofe  bafes  were  polifhed,  and  in  di¬ 
ameter  1  44  Rhinland  inch,  dipt  their  iurfaces 
in  melted  pitch*  and  then  fet  them  on  each  other 
and  fuffered  them  to  cool.  Each  cylinder  had 
an  iron  hook,  through  which  pafied  a  copper 
ring  fo  of  an  inch  in  thicknefs.  The  one  cy¬ 
linder  he  hung  at  its  ring  by  a  rope,  and  at  the 
ring  of  the  under  a  weight  of  1400  pounds; 
and  rings  and  hooks  flew  to  pieces,  without  the 
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cylinders  parting.  See  his  Introdufiio  ad  cohee- 
rentiam  firmorum ,  c.  i.  §.  5. 

§.  54.  If  a  fluid  touches  a  folid  body  of  a 
denfer  fpecies,  the  parts  of  the  fluid  rife  up  at 
the  folid.  For  as  the  folid  body  is  denfer,  its 
furface  may  touch  in  more  points  than  the  lur- 
face  of  the  fluid.  And  therefore  the  parts  of  the 
fluid  and  folid  aft  ftonger  on  each  other,  than 
the  parts  of  the  fluid  on  each  other.  But  if  the 
folid  body  is  of  a  more  porous  kind  than  the 
fluid,  the  adtion  of  the  parts  of  the  fluid  on  each 
other  is  flronger  than  the  adficn  between  the 
parts  of  the  fluid  and  folid.  So  that  the  fluid 
cannot  fo  ftrongly  cohere  with  the  folid  as  the 
parts  of  the  fluid  unite  with  each  other,  §.  52. 
The  experiments  to  this  purpofe  are  fully  ex¬ 
plained  by  M.  Mufchenbroeck  in  his  DiJJ'ertatio  de 
tubis  capillaribus  vitreis  Iß  de  attradlione  fpeculo- 
rum  planorum  vitreorum.  Glafs  tubes  in  diameter 
lefs  than  -V  of  an  inch,  and  called  capillary 
tubes,  open  at  top  and  bottom,  afford  examples 
to  this  purpofe,  If  fuch  a  capillary  tube  is  with 
the  one  end  dipt  in  water,  the  water  rifes  higher 
within  it  than  it  Hands  without.  But  if  dipt  in 
quickfllver,  the  quickfilver  ftands  deeper  inter¬ 
nally  in  the  tube,  than  externally. 

§.  55.  If  a  drop  of  water  runs  down  on  a 
glafs,  which  you  incline  in  decanting;  the  reafon 
of  its  taking  this  way,  is  its  being  impelled  by 
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two  conipiring  forces/,  the  one  the  force  of  gra¬ 
vity;  the  other,  the  force  with  which  the  water 
ahts  on  the  glafs,  §.13. 

§.  56.  If  the  parts  of  a  hard  body  cohere 
equally  flrong,  and  ftand  fo  connected,  as  that 
the  one  being  extended  or  ftretched,  many 
others  are  extended  equally  flrong*,  the  body 
breaks  in  many  pieces,  fo  foon  as  one  part  is  by 
the  extenfion  feparated  from  the  other.  For, 
the  other  parts  being  ftretched  equally  flrong,  as 
they  cohere  no  ftronger  together  than  the  firfl, 
which  is  broke  off,  will  therefore  at  the  fame 
time  be  brought  out  of  their  cohefion.  Peculiar 
examples  of  inch  brittle  bodies  glafs-drops,  or 
lacrym £  vitrei ,  and  fpringing  cucuibits  offer’d, 
A  glafs- drop  is  produced,  on  letting  fall  a  drop 
of  melted  glafs  into  cold  water;  and  in  falling 
in  there  draws  or  trails,  befides,  a  thread  from 
the  reft  of  the  glafs,  ere  it  parts  therefrom.  The 
moment  the  drop  falls  into  the  waiter,  it  turns 
to  a  folid  body,  before  ever  the  thread  comes 
into  it.  And  hereby  it  comes  to  confift  of  an 
oblong  thick  part  and  of  a  thread ;  the  former 
of  which  is  called  the  head;  the  latter,  the  tail. 
On  holding  the  head  firm  between  the  thumb 
and  fore-finger,  and  breaking  off  a  little  of  the 
tail,  the  entire  drop  fprings  or  flies  at  once  to 
i mall  particles  like  a  duft.  This  happens  in  the 
following  manner«  Such  a  glafs- drop  is  to  be 
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confidered  as  a  body  confiding  of  threads  only, 
which  run  together  the  length  of  the  head  and 
tail  to  a  point,  and  apply  very  clofe  to  each 
other,  and  therefore  are  very  hard  and  greatly 
ilretched,  on  the  melted  drop  falling  into  the 
water.  Now  on  breaking  off  a  little  bit  of  the 
■tail,  all  the  threads  are  ilretched  throughout 
equally  flrong.  And  thus  a  bit  breaking,  they 
all  fpring  or  fly  to  pieces  as  all  the  parts  are 
equally  brittle.  In  this  manner  Baron  Wolfius 
explains  this  flying  of  the  drop  in  his  ufeful  Ex - 
pertinents ,  P.  3.  c.  3.  The  fpringing  cucurbits 
are  fo  called  from  their  figure,  refembling  a 
glafs  cucurbit  or  body,  ufed  for  difiilling  or  ab- 
ilra&ing  by  apothecaries ;  and  their  bottom  di¬ 
rectly  flies  on  letting  a  final!  pointed  particle  of 
a  flint  fall  internally  on  it;  tho5  its  bottom  is  fo 
firmly  arched,  that  you  may  itrike  it  externally 
againil  a  wall,  and  not  make  it  fly.  Profefibr 
Hanow  at  Dantzick  has  made  extraordinary  ex¬ 
periments  therewith,  deferibed  in  the  firfi  part 
of  the  experiments  of  the  philofophical  fociety 
in  Dantzick.  Thefe  fpringing  bodies  are  alfo 
called  Bologman  flaßs ,  as  being  made  known 
anew,  after  Mr.  Boyle,  by  Amadei  a  canon  of 
Bologna.  They  are  not  cooled  in  the  cooling 
furnace,  and  therefore  are  brittle  and  very 
fcrongly  Ilretched  in  every  part,  as  coming  di- 
tedlly  out  of  the  greatefl:  glow  into  the  cold  air. 

Some- 
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Sometimes  they  fpring  or  fly  in  pieces  by  the 
bare  warmth  of  the  hand.  From  this  it  appears, 
that  the  particles  of  glafs  are  fo  ftrongly  ftrung 
as  to  tear  in  pieces,  when  their  extenfion  or 
ftretch  is  increafed  only  by  a  fmall  force.  The 
brittle  particles  continue  going  on  to  the  inter¬ 
nal  bottom  of  a  fpringing  body,  and  at  lafl:  run 
to  a  point.  And  thus  if  only  a  thin  fhiver  be 
tore  on  the  upper  furface  of  the  internal  bottom 
by  the  fall  of  a  fmall  pointed  peble,  the  crack 
propagates  itfelf  all  over  the  bottom.  It  will  be 
afked,  why  the  bottom  does  not  fly,  when  ftruck 
externally  either  againfl:  a  wall,  or  on  letting 
fall  a  pointed  peble  on  its  external  rounding  or 
bulge  ?  The  middle  on  the  outer  rounding  of  an 
arch  is  fupported  quite  around  by  all  its  parts. 
M.  Bianconi  in  a  letter  to  M.  Scifiio  Maffei ,  has 
made  uncommon  reflexions  on  the  nature  of 
thefe  fpringing  bodies. 

§.  57.  The  cohefion  of  bodies  is  divided 
into  the  unconditional  or  abfolute,  which  with- 
Hands  the  force,  that  tends  to  tear  a  body 
lengthways  *,  and  into  the  conditional  or  relative, 
which  withftands  the  force,  that  has  a  tendency 
to  break  a  body  in  the  direction  of  a  line,  ^rawn 
perpendicular  to  its  length.  Both  kinds  of  co¬ 
hefion  M.  Mufchenbroeck  has  enquired  into  with 
great  care,  and  exhibited  the  experiments  he 
made,  and  the  proportions  he  thereby  difcovered 
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in  his  Intro  du&io  ad  cohct.rentiam  corporum  fir  mo - 
rum.  In  examining  the  firmnefs  and  abfolute 
cohefion  of  metals,  he  caufed  to  make  four 
threads  or  wires  of  each  metal,  the  thickeft  of 
which  was  TV  of  a  Rhinland  inch  *  in  diameter. 
As  the  metal  in  drawing  was  become  fomewhat 
ihort  or  brittle,  he  again  ioftened  the  wires  in  & 
clear  coal  fire,  whereby  he  freed  them  of  their 
brittlenefs.  In  order  accurately  to  difcover  the 
firmnefs  of  thefe  wires  by  hanging  on  weights^ 
he  applied  a  peculiar  apparatus  for  the  purpofe, 
which  he  defcribes  c.  3.  and  exhibits  plate  20. 
increafing  gradually  the  appended  weights.  And 
hereby  the  wires  by  little  and  little  became 
longer  and  flenderer.  The  experiments  made 
with  the  wires  f0  of  an  inch  in  thicknefs  exhibit 
what  follows :  A  wire  of  piftoi  gold  was  tore 
afunder  by  a  weight  of  500  Amfierdam  pounds ; 
a  wire  of  fdver  not  quite  fine,  by  3701b.  an 
iron  wire,  by  450  lb,  a  wire  of  red  Swediß  cop¬ 
per,  by  2991b,  a  brafs  wire,  by  3601b.  a  wire 
of  lead  by  29  lb.  a  wire  of  the  finefl  tin,  by 
49lb. 

«> 

§.  58,  If  dwo  bodies  have  a  tendency  to 
come  together,  and  unite  with  each  other ;  this 
tendency  is  called  at  traction ,  and  confidered 
either  mathematically  or  phyfically.  Mathema,- 

*  Equal  to  T||q  of  an  Englifi?  inch.  The  Rhinland  foot 
being  to  the  Englijh  as  1 39  to  135, 

tically, 

J  * 
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•  > 

tically,  we  with  Sir  If  Newton  confider  barely 
the  quantity  and  intenfenefs  of  the  attradliom 
But  phyfically,  the  queftion  turns  on  the  caufe 
and  the  forces,  whereby  fuch  a  tendency  arifes. 
Now  whether  we  are  to  look  for  thofe  forces  in 
the  bodies,  that  have  a  mutual  conatus  %  or  with¬ 
out  them  in  a  certain  fluid  matter,  is  what  can¬ 
not  be  made  out  in  this  "place. 


CHAP.  III. 

Of  the  preffure  of  Fluids. 

§.  59.  II  7HEN  two  bodies  A  and  B  are 
V  V  equally  big,  or  of  an  equal  bulk 
or  equal  volume,  as  fuppofe  each  a  cubick  inch ; 
and  that  A  weighs  more  than  B :  A  is  called  a 
body  of  a  heavier,  and  B  of  a  lighter  fpecies  : 
The  former  is  denfer,  the  latter  more  porous. 
For,  A  weighing  more  than  B,  and  having  no 
greater  bulk:  It  mu  ft  needs  have  more  mafs, 
§.  37.  and  confequently  be  denfer,  §.  50.  If 
two  bodies  are  equally  big,  and  one  weighs 
more  than  the  other,  the  gravity  peculiar  to 
each  under  this  equal  bulk,  is  called  the  fpecifick . 

§.  60.  If  two  bodies  A  and  B,  differing  in 
fpecifick  gravity,  weigh  equally,  the  fpecifick 

gravity 
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gravity  of  the  one  A  is  to  that  of  the  other  B, 
inverfely  as  the  bulk  or  volume  of  the  fecond  B, 
to  the  bulk  or  volume  of  the  firft  A :  Allowing; 
at  firft  to  both  thefe  bodies  equal  bulk,  under 
which  A  weighs  four  ounces,  and  B  one ;  and 
thus  A  having  four  times  as  much  mafs  as  B, 
and  B  only  the  fourth  part  fo  much  as  A:  B 
therefore  in  order  alio  to  weigh  four  ounces,  and 
at  the  fame  time  retain  its  degree  of  porofity, 
muft  be  four  times  as  big:  as  A.  Now  as  A 
and  B  weigh  equally,  and  the  bulk  of  the  body 
A  is  contained  in  that  of  B  four  times;  fo  on 
the  contrary,  the  fpecifick  gravity  of  the  body 
B  muft  be  contained  four  times  in  that  of  A. 
For,  the  weight  of  each  of  thefe  bodies  arifes 
from  its  bulk  and  fpecifick  gravity.  Now  if 
the  bulk  of  A  is  i,  and  its  fpecifick  gravity  4; 
and  the  bulk  of  B  4,  and  its  fpecifick  gravity  i; 
in  both,  equal  wholes  arife  from  equal  parts. 

§.  60.  A  fluid  body,  which  we  here  confi- 
der  without  elafticity,  prefles  either  by  its  gra¬ 
vity  downwards;  or  by  its  re- addon  adts  either 
upwards  or  Tideways  againft  an  adding  body, 
and  with  its  preflcire  adls  either  againft  a  fluid, 
which  is  either  equally  or  unequally  heavier;  or 
againft  a  folid  body,  having  either  the  fluid  over 
it,  or  refting  on  the  fluid.  The  fcience  of  thefe 
kinds  of  preflu  re  of  fluid  bodies  is  called  hydro/ 
ticks',  as  the  doctrine  of  the  ^equilibrium  of  bo- 
a  dies 
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dies  in  general  is  called  ftaticks.  A  number  of 
experiments  to  this  purpofe,  Baron  Wolfius  has 
published  in  his  ufeful  Experiments ,  P.  I.  c,  i, 
2,  3  and  8* 

§.  6i.  The  preflure  of  a  fluid  body  is  a 
dead  force.  Now  though  it  ads  without  mo¬ 
tion,  §.  1 1 :  Yet  the  fpace  is  to  be  confidered, 
which  a  body  in  connection  with  another  would 
pals  over  in  the  firft  inftant,  when  by  a  certain 
preflure  brought  out  of  its  ftate  of  reft.  This 
poflibility  of  running  over  a  certain  fpace  in  the 
firft  inftanr,  is  called  the  velocity  of  tke  auiefcent 
body .  The  velocity  of  a  linking  body,  which 
by  means  of  a  leaver  raifes  another,  is  to  the 
velocity  of  the  other  afcending  body,  as  its  dis¬ 
tance  from  the  centre  of  motion  to  the  diftance 
of  the  afcending  body  from  the  fame  centre,  §. 
31.  And  thus  we  are  to  eftimate  the  dead  forces 
of  bodies  by  the  products  of  their  mafles  and 
initial  velocities;  as  we  coniider  thefe  bodies  as 
mutually  connedted,  fo  as*  to  begin  and  compleat 
their  motion  in  equal  times,  when  brought  into 
motion. 

§.  62.  If  in  two  tubes  GI  and  HK,  fig.  1. 
plate  II.  differing  in  width  or  bore,  and  having 
a  communicating  du£t  I  K,  whereby  a  fluid 
may  pafs  out  of  the  one  into  the  other,  two  fluids 
of  a  like  fpecifick  gravity  move  in  fuch  a  man¬ 
ner*  as  that  the  one  afcends  in  IT  K,  while  the 

other 
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other  finks  down  in  G  I,  the  velocity  in  the 
wider  tube  being  to  that  in  the  narrower,  in- 
verfely  as  the  width  of  the  narrower  H  K  to  the 
width  of  the  wider  G  L  For,  the  velocities  of 
two  bodies  in  equal  times;  are  to  each  other  as 
the  fpaces  run  over,  §.  27.  Suppofe  the  width 
of  the  tube  GI  to  that  of  the  tube  HK, 
to  be  as  8  to  1.  And  thus  the  fluid  in  G  I 
finking  down  an  inch  L  O,  the  fluid  in  H  K 
afcends  eight  inches.  And  thus  the  velocity  of 
the  fluid  in  G  I  is  to  that  of  the  fluid  in  H  K, 
as  the  height  1  to  the  height  8.  But  the  height 
1  in  G  I  is  to  the  height  8  in  H  K,  inverfely  as 
the  width  H  K  to  the  width  G  I.  And  thus 
the  velocity  in  G  I  is  to  that  in  H  K,  inverfely 
as  the  width  H  K  to  the  width  G  I.  By  the 
width  of  a  tube  we  underftand  its  internal  fpace, 
which  is  equal  to  its  internal  bafe,  or  to  the  bafe 
of  the  column  of  a  fluid  in  the  tube.  And  thus 
the  width  is  a  circle,  when  the  internal  fpace  of 
the  tube  is  a  cylinder. 

§.  63.  Two  fluids,  which  in  two  tubes  have 
a  communicating  duel,  and  of  a  like  fpecF 
fick  gravity,  (land  equally  high  in  the  tubes, 
be  the  tubes  equally  or  unequally  wide,  and 
either  both  perpendicular,  or  the  one  (landing 
inclined.  For,  the  dead  forces  with  which  thefe 
fluids  mutually  prefs,  are  to  each  other,  as  the 
produces  of  their  mafles  and  initial  velocities, 
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§.  6 1.  If  both  tubes  are  equally  wide,  and 
Handing  perpendicular;  the  maffes  and  velocities 
of  the  fluids  in  both  tubes  are  mutually  equal. 
And  thus  too  the  produfts  of  the  maffes  and 
velocities  in  both  tubes  are  equal.  If  both  the 
perpendicular  tubes  G  I  and  H  K  are  of  diffe¬ 
rent  widths,  fig.  i.  the  mafs,  indeed,  in  G  I  ex¬ 
ceeds  that  in  H  K.  On  the  contrary,  by  fo 
much  as  the  mafs  in  G  I  exceeds  that  in  H  K, 
by  fo  much  inverfely  the  velocity  in  H  K  ex¬ 
ceeds  that  in  G  I,  §.  62.  And  thus  the  pro¬ 
duct  of  the  mafs  and  velocity  in  G  I  is  equal  to 
.that  of  the  mafs  and  velocity  in  H  K.  If  both 
-  tubes  P  Q^and  S  R,  fig.  2.  are  equally  wide, 
but  one  Handing  inclined*  and  the  other  perpen¬ 
dicular,  the  mafs  in  P  Q^is  to  that  in  S  R,  as 
the  height  P  Q^to  the  length  S  R.  If,  for  in- 
Rance,  P  QJs  to  S  R  as  1  to  2 ;  fo  is  the  mafs 
in  P  Qj:o  that  in  S  R  in  like  manner  as  1  to  2. 
And  therefore  if  the  fluid  in  S  R  finks  down  an 
inch,  that  in  P  Q^rifes  two  inches.  And  thus 
the  velocity  in  S  R  is  to  that  in  P  Q^,  inverfely 
as  the  rnafs  in  P  to  that  in  S  R.  So  that  the 
prod  u  ft  of  the  mafs  1  and  velocity  2  in  P  is 
equal  to  the  prod  lift  of  the  mafs  2  and  velocity 
1  in  S  R.  If  we  confider  S  R  as  an  inclined 
plane,  the  mais  in  S  R  is  the  weight,  and  the 
nafs  in  P  Q^the  power.  Both  are  of  equal  in- 
te-nfenefs,  §.  24. 
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§.  64.  As  the  fluid  in  the  narrow  tube  HR 
fig.  I.  Hands  as  high,  as  that  of  the  lame  fpeci-* 
fick  gravity  in  the  wide  tube  G  I,  and  preffes  as 
ftrongly  on  the  bafe  I  K,  as  the  fluid  in  G  I, 
§.63.  So  we  are  to  eftimate  the  force,  with 
which  a  fluid  preffes  againff  the  bottom  of  a 
veffel,  by  the  width  of  the  bottom  or  bafe,  and 
by  the  bare  height  of  the  tube.  And  fo  a  pound 
of  water  in  a  narrow  tube  D  C,  fig.  3.  plate  II. 
preffes  as  ftrongly  againft  the  bottom  of  a  veffel 
A  B,  as  a  quintal  of  water  in  an  equally  tall 
tube  A  S  F  E,  throughout  of  a  width  with  the 
bottom  of  tile  narrower.  This  may  be  fhewn 
by  two  machines,  defcribed  by  Baron  fVolfius  in 
his  Ufeful  Experiment vP •  I.  §.  53  and  56. 

§.65.  A  fluid  in  a  veffel  may  be  confidered 
äs  a  number  of  columns,  having  a  common 
bafe,  and  being  of  the  fame  fpecifick  gravity. 
So  that  they  preis  equally  ftrong  againft  each 
other.  And  thus  one  muft  be  as  high  as  the 
other,  or  their  upper  furfaces  muft  all  of  them 
be  equidiftant  from  the  horizontal  line  or  level. 
This  ftate  of  a  fluid  is  called  its-  level.  If  the 
fluid  matter  either  at  the  Aides,  or  in  the  middle 
of  the  veffel  be  raifed  above  the  level,  this  is 

1 

owing  either  to  its  afling  flronger  at  the  fides 
againft  the  matter  of  the  veffel,  or  in  the  middle 
againft  its  own  parts,  than  the  prefftire  arifing 
from  gravity,  §.  54. 
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§.  66.  If  two  fluids  of  unequal  fpeciflck 
gravity  prefs  againfl:  each  other  in  two  tubes 
having  a  common  bafe,  their  heights  are  in  the 
inverie  ratio  of  their  fpeciflck  gravities.  For, 
thus  they  weigh  equal.  As  for  inftance,  the 
fpeciflck  gravity  of  water  is  to  that  of  quickfil- 
'  .  ver,  as  i  to  14.  Now  if  the  quickfilver  Hands 
in  its  tube  one  inch  high,  the  water  in  its  tube 
has  a  height  of  fourteen  inches.  And  thus  the 
height  of  the  water  is  to  that  of  the  quickfilver, 
inverfely  as  the  fpeciflck  gravity  of  the  quick- 
111  ver  to  that  of  the  water.  The  reafon  thereof 
may  be  thus  difcovered.  If  the  tubes  are  equally 
wide,  a  cylinder  of  quickfilver,  one  inch  high, 
weighs  as  much  as  a  cylinder  of  water  four¬ 
teen  inches  high,  §.  59.  And  thus  neither  the 
water  can  be  forced  up  higher  by  the  quickfil¬ 
ver,  nor  this  by  that:  So  that  in  both  tubes' 
there  are  equal  mafles,  §.  37.  The  initial 
velocities  are  alfo  equal,  as  the  tubes  are  of  a 
width.  And  thus  the  quickfilver  and  water 
hereby  ad  with  equally  ftrong  forces  againffe 
each  other-  So  that  their  heights  are  in  the 
inverfe  ratio  of  their  fpeciflck  gravities,  §.  61  c 
Alfo  they  ad  with  equal  intenfenefs  againfl  each 
other,  though  one  tube  be  wider  than  the  other. 
The  tube,  in  which,  for  inftance,  the  quickfilver 
Hands  one  inch  high,  may  be  eight  times  as 
wide  as  the  other.,  in  which  the  water  Hands' 

fourteen* 
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fourteen  inches  high.  The  one  inch  high  co¬ 
lumn  of  quiekfilver  has  therefore  eight  times  as 
much  mafs,  as  the  water-column  of  fourteen 
inches  high.  So  that  it  appears,  as  if  the  water- 
column  could  not  maintain  its  height  of  fourteen 
inches  againft  the  p  refill  re  of  the  quiekfilver. 
But  did  the  quiekfilver  in  an  infeant  fink  down 
a  line  in  its  tube*  the  water  in  the  fame  inftanc 
muft  rife  eight  lines  in  its  tube.  And  thus  the 
initial  velocity  of  the  quiekfilver  in  its  tube 
would  be  to  that  of  the  water  in  its  tube,  as  i. 
to  8,  §.  27.  What  therefore  the  water  wants 
in  mafs,  is  compenfated  by  the  velocity:  And 
what  the  quiekfilver  has  in  mafs  above  the  wa¬ 
ter*  it  lofes  in  velocity. 

§.67.  A  fluid  in  which  a  folid  is  to  plunge, 
may  be  at  reft,  and  have  fo  final!  a  cohefion  of 
its  parts,  as  that  in  regard  to  the  gravity  of  the 
folid,  it  may  be  confidered  as  nothing.  Now  if 
fuch  a  fluid  is  of  the  lighter  fpecies,  and  the  fo¬ 
lid  plunged  or  immerfed  therein,  of  the  heavier, 
it  quite  plunges  in,  when  left  to  its  weight;  but 
lofes  fo  much  thereof*  as  a  part  of  the  fluid*  r 
equal  thereto  weighs.  For,  being  of  a  heavier 
fpecies  than  the  fluid ;  a  part  thereof*  in  bulk 
equal  to  that  of  the  folid,  weighs  lefs  than  the 

folid,  §,  59.  and  thus  by  its  re-a£fion  cannot 
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reftrain  the  folid  in  the  act  of  plunging,  §.  7. 
But  fo  much  as  the  part  weighs,  which  the  folid 
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within  the  fluid  drives  out  of  its  place,  fo  flrongly 
it  adls  on  the  plunging  body,  and  thus  caufes  a 
counterpoize  to  the  folid,  unable  to  fink.  If* 
for  inftance,  you  hang  at  each  arm  of  a  balance 
a  cubic  inch  of  lead  in  Rhinland  meafure,  they 
weigh  equally,  and  the  tongue  of  the  balance 
{lands  exadtly  in  the  middle.  But  if  the  cubic 
inch  A  be  funk  in  fpring-water,  the  cubic  inch 
B  at  the  other  arm  gives  a  bias.  Baron  Wolfius 
in  his .Ufeful  Experiments,  P.  I.  §.  7.  relates,  he 
found  a  cubic  inch  of  fpring-water  to  weigh  four 
hundred  ninety-five  grains.  So  many  grains 
therefore  as  a  cubic  inch  of  lead  in  Rhinland 
meafure  lofes  in  fpring-water  j  fo  many  mull  be 
added  thereto,  to  make  it  weigh  again  as  much 
as  the  other. 

A  piece  of  lead  of  two-  cubic  inches  lofes 
therefore  twice  four  hundred  ninety-five  grains:, 
when  plunged  or  immerfed  in  this  water:  For, 
it  removes  two  cubic  inches  of  water.  Call  this 
piece  of  lead  B,  and  call  another  piece  of  a  cubic 
inch  A.  And  what  A  lofes  in  wreight  in  fpring 
water  is  to  what  B  lofes  in  the  fame  water  as  1 
to  2.  Now  fuppofing  both  pieces  of  the  urn- 
equally  weighing  bodies  A  and  B  to  be  homo¬ 
geneous,  and  plunged  in  a  homogeneous  fluid  of 
a  lighter  fpecies^  what  the  one  A  lofes  in  weight 
therein,  is  to  what  the  other  B  lofes  in  the  fame, 
as  the  weight  of  the  body  A  to  the  weight  of 
2  the 
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Iske  body  B.  Suppofe  A  and  B  to  be  lead,  and 
A  to  weigh  thirty-feven  pounds,  and  B  three 
hundred  feventy  pounds.  A  lofes  in  the  water 
five  pounds,  and  therefore  B  fifty  pounds.  For, 
37  :  370  :  :  5  :  50.  And  wanting  to  know  the 
weight  of  B,  and  at  the  fame  time  knowing  it 
loft  fifty  pounds  >  you  will  in  like  manner  find, 
that  the  weight  was  three  hundred  feventy 
pounds.  For,  5  :  50  :  :  37  :  370. 

§.  68.  And  thus  the  fpecifick  gravity  of  a 
fluid  A  is  to  the  fpecifick  gravity  of  a  folid  B  of 
a  heavier  fpecies,  as  what  B  loft  in  weight  in  the 
fluid,  is  to  its  entire  weight.  For  inftance,  lead 
lofes  in  water  fomething  more  than  the  nth  part 
of  its  weight.  And  thus  the  gravity  of  water  is 
to  that  of  lead,  as  1  to  1 1  :  as  a  cubic  inch  of 
lead  weighs  eleven  times  as  much,  as  a  cubic 
inch  of  water. 

§.  69.  As  a  denfer  matter  is  of  a  heavier 
fpecies  than  a  rarer,  §.  59.  So  a  body  of  a 
heavier  fpecies  lofes  in  a  denfer  fluid,  more  of  its 
weight  than  in  a  rarer  fluid.  A  cubic  inch  of 
lead  in  Rhinland  meafure  lofes  in  fpirits  of  wine 
lefs  than  four  hundred  ninety-five  grains. 

§.  70.  As  therefore  what  a  body  lofes  in 
weight  in  one  fluid  A,  is  to  what  it  lofes  in  ano¬ 
ther  fluid  B ;  fo  is  the  denfity  and  gravity  of  the 
fluid  A  to  the  denfity  and  gravity  of  the  fluid 
B.  And  thus  the  gravity  of  fpring-water  is  to 
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the  gravity  of  fpirit  of  wine,  as  640  to  544,  as 
Baron  Wolfius  fhews  in  the  quoted  place,  §.  184. 
The  inilruments  which  thefe  enquiries  are  made 
with,  are  called  areometer s,  to  which  belong  hy¬ 
drometers  and  falt-gages,  of  which  Wolfius  treats 
in  the  cited  book,  §.  207 — 211,  and  Leupold  in 
his  The  at  rum  ftaticum  univerfale ,  P.  II.  c.  6. 

§.71.  If  two  equally  weiging  bodies  A  and 
B;  of  which  A  is  of  a  heavier  fpecies  than  B, 
are  plunged  in  one  and  the  fame  fluid;  A  lofes 
lefs  of  its  weight  than  B.  For,  though  A  is 
equal  to  B  in  weight,  yet  in  bulk  it  is  lefs  than 
B.  And  fo  a  lefs  quantity  of  fluid  refills  the 
body  A,  §.  67, 

What  a  body  A  of  a  heavier  fpecies  lofes  in 
a  fluid,  is  to  what  a  body  B  of  a  lighter  fpecies 
lofes  in  the  fame  fluid,  when  both  are  of  equal 
weight,  as  the  bulk  or  volume  of  the  body  A 
to  that  of  the  body  B,  §.  67.  As  if  A  has  1, 
and  B  4  cubic  inches  in  bulk,  fo  A  in  finking 
removes  i,  and  B  four  cubic  inches  of  water. 
And  thus  what  A  lofes  would  be  to  what  B 
lofes,  as  1  to  4. 

As  the  ratio  of  the  volumes  is  infeparable 
from  the  ratio  of  the  weights  loft  by  equally 
weighing  bodies,  which  differ  in  lpecific  gravity; 
fo  the  preceeding  propofltion  may  be  converted. 
Namely,  the  bulk  or  volume  of  a  body,  as  B  is 
fo  that  of  a  body,  as  A,  when  both  are  of  equal 

weights. 
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weight,  as  what  B  loft  in  weight  in  a  fluid,  to 
•what  A  loft  in  the  fame  fluid. 

But  now  in  bodies  of  equal  weight  A  and  B, 
the  fpecific  gravity  of  the  body  A  is  to  that  of 
the  body  B,  inverfely  as  the  bulk  or  volume  of 
B  to  that  of  A3  §.  59.  So  that  in  bodies  of 
equal  weight  the  fpecific  gravity  of  the  one  A  is 
to  that  of  the  other  B,  inverfely  as  what  B  lofes 
in  weight,  is  to  what  A  lofes  in  weight.  And 
thus  by  plunging  or  immerfing  folids  in  one 
and  the  fame  fluid  the  ratio  of  their  fpecific  gra¬ 
vities  may  be  found. 

§.  72.  And  thus  if  a  body  given  out  for 
an  unmixed  or  unalloyed  metal,  lofes  in  water 
either  more  or  lefs  of  its  weight,  than  a  piece  of 
equal  weight  of  pure  metal,  given  out  as  fuch; 
in  the  firft  cafe  it  is  alloyed  with  a  metal  of  a 
lighter,  and  in  the  fecond,  with  one  of  a  heavier 
-fpecies :  And  knowing  the  fpecies  of  the  alloy» 
ing  metal,  you  may  find  how  much  thereof  is 
contained  in  the  given  body,  on  obferving  the 
rules,  by  which  Archimedes  difcovered  the  quan¬ 
tity  of  filver  ufed  in  the  crown;  for  making 
which  king  Hiero  or  Geh  of  Syr ac life  gave  a  gold- 
fmith  pure  fine  gold.  Vitruvius  relates  the  ftory, 
jib.  9.  c.  3.  of  his  Architecture.  Archimedes 
took  a  piece  of  pure  gold,  and  a  piece  of  pure 
filver,  weighing  each  as  much  as  the  crown. 
Thefe  three  bodies  of  equal  weight  he  plunged 
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in  water,  obferving  what  weight  each  loft  in  the 
water.  The  weight  loft  by  the  piece  of  gold  he 
deduced  as  well  from  the  weight  loft  by  the 
piece  of  filver,  as  from  that  Jofr  by  the  crown» 
The  overplus  of  the  weight  loft  by  the  crown 
over  the  weight  loft  by  the  piece  of  gold  he 
multiplied  by  the  weight  of  the  crown  ;  and  the 
prod u<5f  thence  arifing  he  divided  by  the  over¬ 
plus  of  the  weight  loft  by  the  piece  of  filver 
over  the  weight  loft  by  a  piece  of  gold  of  equal 
weight.  The  quotient  thence  arifing  lliewed  the 
weight  of  the  filver,  mixed  with  the  gold  in  the 
crown.  We  will  fuppofe,  the  goldfmith  received 
eighteen  pounds  of  pure  gold,  reckoning  the 
pound  at  thirty- two  loths  or  half  ounces,  and 
that  he  made  a  crown  1 8  lb.  in  weight.  A  piece 
of  pure  gold  of  1 8  lb.  lofes  in  water  32  loths, 
and  a  piece  of  pure  filver  of  18  lb.  lofes  in  the 
fame  fifty  loths  of  its  weight.  '  We  will  fuppofe 
the  crown  loft  in  the  water  44  loths  of  its 
weight.  And  deducting  32  from  50,  the  over¬ 
plus  of  what  the  piece  of  filver  of  1 8  lb.  loft  in 
weight  over  what  the  piece  of  gold  of  1 8  lb. 
loft  of  its  weight,  is  18  loths.  And  deducing 
32  from  44,  the  overplus  of  weight  loft  by  the 
crown  of  18  lb.  oyer  the  weight  loft  by  the  piece 
of  gold  of  1 8  lb.  is  12  loths.  And  thus  multi¬ 
plying  12  loths  by  18  lb.  or  576  loths,  the  pro- 
fduft  is  6912  loths:  And  dividing  this  product 
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by  1 8  loths,  the  quotient  is  384  loths,  and  con- 
fequently  12 lb:  So  much  filver  therefore  was 
mixed  with  the  crown.  As  the  overplus,  18 
loths,  arifes  from  18  lb.  of  filver;  fo  the  over¬ 
plus,  12  loths,  arifes  from  12  lb.  of  filver.  The 
overplus  18  loths,  is  an  effect  of  the  18  lb.  of 
filver,  as  a  whole;  and  the  overplus,  12  loths, 
an  effect  of  the  12  lb.  of  fiver,  as  of  a  part  of 
the  whole.  Now  as  a  whole  A  of  the  fame 
fpecies  is  to  one  of  its  parts  B;  fo  alfo  is  the 
effebf  of  the  whole  A  to  the  effebf  of  this  its 
part  B.  Or,  there  is  one  and  the  fame  ratio 
between  the  whole  and  a  determinate  part  there- 
pf,  and  between  the  effebt  of  the  whole,  and  the 
pffebl  of  its  determinate  part.  Thus, 

h  h  lb.  lb. 

18:  12::  18:12. 

The  general  rule  by  which  we  may  find  the 
quantity  a  body,  mixed  up  of  two  forts  of  known 
metals,  contains  of  each  of  both  metals,  confifts 
thus  in  the  following  particulars.  Seek  the 
quantity  of  weight,  which  as  well  a  piece  of 
metal  of  the  lighter  fpecies,  of  equal  weight 
with  the  alloyed  body,  as  alfo  a  piece  of  the 
heavier  fpecies,  of  equal  weight  with  the  fame 
alloyed  body,  and  that  which  the  alloyed  body 
itfelf  lofes  in  water.  Seek  the  overplus,  by 
which  the  weight  loft  by  the  piece  of  metal  of 
the  lighter  fpecies,  exceeds  the  weight  loft  by  a 

piece 
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piece  of  metal  of  equal  weight,  of  the  heavier 
fpecies;  as  alfo  the  overplus,  by  which  the 
weighr  loll  by  the  alloyed  body  exceeds  the 
weight  loft  by  the  piece  of  metal  of  the  heavier 
fpecies,  Multiply  this  fecond  overplus  by  the 
whole  weight  of  the  alloyed  body,  and  divide 
the  product  thence  arifing,  by  the  firft  overplus. 
And  the  quotient  fhews  the  quantity  of  metal  of 
the  lighter  fpecies,  that  was  mixed  among  the 
metal  of  the  heavier  fpecies  in  the  given  body. 
The  demonftration  of  this  rule  Baron  Wolfius 
gives  analytically  in  his  Element a  Hydrofiatic^ 9 
§.  8 1. 

It  is  not  even  neceftary  to  plunge  in  water  a 
piece,  equal  in  weight  with  the  body,  of  the  two 
metals  mixed  together  therein.  As  you  may 
take  a  piece  of  each,  that  weighs  lefs  than  the 
mixed  body,  and  by  the  rule  of  three  feek  how 
much  this  metal  would  lofe  of  its  weight  in  wa¬ 
ter,  were  its  weight  equal  to  that  of  the  mixed 
body.  For,  the  lefs  piece,  and  the  greater, 
which  weighs  as  much  as  the  mixed  body,  are 
two  unequally  heavy  bodies  A  and  B,  confiding 
of  one  and  the  fame  matter.  If  two  fuch  bodies 
are  plunged  in  one  and  the  fame  fluid,  which  is 
of  a  lighter  fpecies  than  they  are;  the  weight 
loft  by  the  body  A  is  to  that  loft  by  the  body 
B,  as  the  weight  of  the  body  A  to  that  of  the 
body  B,  §.  67.  And  thus  knowing  the  weight 
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of  A,  and  what  it  loft  in  water,  and  the  weight 
of  B,  we  may  find  by  the  rule  of  three  the 
weight  which  B  muft  lofe  in  water:  As  371b, 
of  tin  lofing  51b.  in  water,  120  lb.  lofe  therein 
1 6  t8t lb.  For,  37:  120:  :  5:  1 6*5-7- 
If  a  piece  of  metal  mixed  up  of  two  metals 
has  a  fmall  weight,  as  a  filver  coin  alloyed  with 
copper :  In  order  to  find  the  quantity  of  each 
metal  contained  in  the  entire  piece,  we  require 
a  hydroftatical  balance,  fuch  as  that  invented 
by  M.  Leutman  of  Peterßurgh ,  and  therefore 
called  the  Peterftjurgh  balance,  and  defcribed  in 
the  Cqmmentarii  Academic  Petropolitan^^  T.  II. 
p.  64.  It  confifts  of  a  long  and  a  fhort  arm. 
The  fhortejr  is  to  the  longer  as  1  to  8.  But  the 
weight  in  the  fcale  of  the  ihorter  arm  is  to  that 
in  the  fcale  of  the  longer,  as  8  to  1.  And  thus 
the  balance  (lands  with  its  beam  level.  So  that 
if  the  fcale  of  the  fhorter  arm  has  eight  drams, 
the  fcale  of  the  longer  need  have  only  one,  for 
the  balance-beam  to  ftand  level.  The  wreight 
with  which  a  body  is  weighed  at  this  balance, 
is  thus  eight  times  greater  than  the  body.  Its 
advantage  is  this :  Were,  for  inftance,  a  dram, 
eight  of  which  make  an  ounce,  or  two  loths, 
divided  into  a  hundred  parts,  inftead  of  the  dram 
you  divide  an  ounce  into  an  hundred  parts. 
And  lo  a  hundredth  part  of  an  ounce  effe£ls 
even  what  a  hundredth  part  of  a  dram  does. 

Now 
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Now  as  a  hundredth  part  of  an  ounce  is  fenfible, 
lb  a  hundredth  part  of  a  dram  may  be  diftin- 
guifhed  thereby,  which  would  otherwife  remain 
undiftinguifhable  and  infenfible.  What  advan- 
tage  this  balance  is  of  in  examining  metals  hy¬ 
dro  ftatically,  M.  Leutman  fhews  in  the  Commen - 
tar ii  Academia  Petropolitana ,  T.  III.  p.  138,  &c. 
Two  pieces  of  metal  mixed  up,  for  inftance,  of 
filver  and  copper,  may  have  one  and  the  fame 
weight,  tho5  the  one  have  more  copper  than  the 
other;  and  the  difference  of  the  weight,  which 
they  lofe  in  water,  may  notwithftanding  be  un- 
obfervable.  As  fifteen  loths  of  filver  mixed  up 
with  one  loth  of  copper,  make  288  grains,  18 
of  which  are  reckoned  to  a  loth :  And  fourteen 
loths  of  filver,  mixed  up  with  two  loths  of  cop¬ 
per,  alfo  make  288  grains.  Now  on  knowing 
how  much  a  piece  of  filver  of  100  lb.  and  a 
piece  of  copper  of  an  equal  weight  lofe  in  water 
of  their  weight,  and  confequently  weigh  therein, 
and  reckoning  by  Archimedes' s  rules ;  in  the  ex¬ 
amples  adduced,  the  288  grains  of  the  firft  mix¬ 
ture  muff  weigh  in  water  260  j  and  the  288 
grains  of  the  fecond,  259  grains.  On  a 

common  balance  the  difference  is  not  eafily  dif- 
tinguifhable.  And  lefs  ftill  can  it  be  diftinguifli- 
able  thereon,  when  the  one  mixture  confifts  of 
fifteen  ioths  of  filver  and  one  loth  of  copper ;  and 
the  other  of  fourteen  loths,  and  feventeen  grains 
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of  filver,  and  one  loth  and  one  grain  of  copper; 
The  difference  confifts  in  ~TV  grain.  For,  the 
firft,  as  was  juft  mentioned,  weighs  in  water  260 
FtV*  the  laft  on  the  contrary,  260  t3tF  grains. 
How  then  is  it  poffible  to  find  the  difference  by  a 
common  balance,  between  the  filver  and  copper 
in  coins  of  fmall  weight?  But  how  to  difcover  it 
by  the  Peterßurgh  balance,  and  confequently  the 
addition  or  alloy  of  copper  in  a  filver  coin,  M. 
Leutman  teaches  in  the  laft  mentioned  place. 

§.  73.  If  a  folid  is  plunged  in  a  fluid,  of  one 
and  the  fame  fpecific  gravity  therewith  ;  it  lofes 
its  entire  weight,  and  plunges  quite,  and  remains 
{landing  therein,  whitherfoever  pufhed.  For,  a 
part  of  this  fluid,  bulk  for  bulk  equal  to  the 
folid,  weighs  as  much  as  the  folid,  §.59.  And 
thus  the  weight,  with  which  the  part  of  the  fluid 
which  it  removes,  a£ts  on  it,  is  equal  to  its  entire 
weight.  Then  it  plunges  quite  in.  For,  preffing 
on  a  column  of  the  fluid,  §.  65.  the  weight  of 
the  column  will  be  fo  much  increafed,  as  is  the 
weight  of  the  folid.  So  that  the  other  columns 
muft  yield.  And  thus  this  column  finks  with 
the  folid  preffing  upon  it.  This  finking  and 
rifing  laft  fo  long,  till  the  column  on  which  the 
folid  preffes,  ftands  in  ^equilibria  with  the  other 
columns.  And  this  muft  happen,  till  the  plunged 
body  ftands  equally  high  with  all  the  columns 
of  the  fluid.  For,  having  therewith  one  and  the 
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fame  fpecific  gravity,  it  is  all  one  as  an  equal 
part  of  the  fluid,  §.63.  And  therefore  pufhing 
this  folid  into  any  part  of  the  fluid,  it  there  re¬ 
mains  Handing.  For,  it  is  the  very  fame  thing 
as  an  equal  part  of  the  fluid,  Hand  it  either 
above,  in  the  middle,  or  below  in  the  fluid. 

If  a  folid  is  laid  on  a  fluid  of  a  heavier  fpecies 
than  itfelf,  only  a  part  thereof  plunges  in,  For, 
a  part  of  the  fluid,  bulk  for  bulk  equal  to  the 
folid,  weighs  more  than  the  folid,  §.  59.  Its 
weight  may  be  to  that  of  this  part,  as  1  to  2. 
So  that  the  folid  can  fink  only  about  half.  For, 
it  can  only  fink  in  quite,  when  in  weight  equal 
to  the  weight  of  a  part  of  the  fluid  of  equal  bulk,- 
that  is  in  weight  to  that  of  the  fluid  as  1  to  1 . 

From  this  it  appears,  that  a  part  of  the  fluid, 
equal  in  bulk  to  the  immerfed  part  of  the  folid, 
weighs  as  much  as  the  entire  folid. 

§.  74.  A  body  fwims  or  floats,  which  finks 
not  to  the  bottom  by  its  weight,  to  which  it  is 
refigned  in  a  fluid,  and  which  in  this  Hate  con¬ 
tinues  to  move.  If  plunging  quite  in,  it  fwims 
or  floats  in  it.  If  not  quite,  it  floats  on  its  fur- 
face.  If  a  body  retains  its  mafs,  but  comes  to 
fuch  a  ftate,  as  to  ad  therewith  againfl  fo  many 
parts  of  a  fluid,  as  that  the  weight  of  the  fluid  is 
either  equal  to  that  of  the  body,  or  exceeds  it ; 
in  both  cafes  it  is  capable  of  floating.  For,  in 
no  cafe  can  it  fink  to  the  bottom  in  this  fluid. 

Suppofc 
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Suppofe  a  cubic  inch  of  metal,  when  folid 
throughout,,  to  fall  to  the  bottom  in  water.  But 
changed  to  a  hollow  ball  or  fphere,  whole  cavity 
contains  a  greater  weight  of  water,  than  itfelf 
weighs;  it  may  float  therein.  For  now  the  mafs 
of  metal,  which  before  was  contained  in  the  cu¬ 
bic  inch,  has  acquired  fo  much  bulk,  as  that 
the  weight  of  the  portion  of  water,  againk  which- 
k  is  to  aft,  when  come  into  the  water  exceeds  its 
weight.  An  inflated  calf’s  bladder  contains  to 
the  quantity  of  fixteen  pounds  of  water.  And 
thus  a  body  of  fixteen  pounds  lying  in  water 
may  be  made  to  float,  on  binding  fuch  a  bladder 
thereat,  a  inflating  it  in  the  water.  A  fifh  rife» 
and  finks  in  the  water;  as  in  the  Hrft  cafe  he 
enlarges  his  air-bladder;  and  in  the  fecond  con- 
tracks  it.  Let  a  fquirt,  in  which  the  pikon  is 
pufhed.  quite  home,  be  hung  at  one  arm  of  a 
balance,  and  the  under  opening  be  fhut,  through 
which  otherwife  the  water  forces,  and  let  the 
fquirt  be  plunged  fo  deep  under  water,  as  to 
cover  kill  the  rod  of  the  pikon,  were  the  pike» 
quite  pulled  up.  But  while  the  fquirt  hangs  fo 
deep  under  the  water,  and  the  pikon  kands  in¬ 
ternally  on  its  bottom,  let  a  weight,  equal  to  the 
weight  of  the  fquirt  hanging  in  the  water,  be 
laid  on  the  fcale  at  the  other  arm.  While  the 
pikon  reks  on  the  fquirt,  the  fpace  above  it  m 
the  fquirt  is  filled  with  water,  Let  the  rod  be 
2  pulled 
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pulled  up ;  and  the  water  above  the  pifton  in  the 
fquirt  will  be  forced  out,  and  between  its  bottom 
and  the  pifton  a  fpace  void  of  water  left.  So 
that  the  fquirt  will  be  lighter,  and  the  weight  at 
the  other  arm  of  the  balance  give  a  bias*  Bor  el- 
lus  in  his  de  motu  animalium *  P.  I.  prop.  222  feq. 
defcribes  a  diving  machine,  in  which  a  man  by 
means  of  an  inftrument  refembling  a  fquirt, 
may  go  down  into  the  fea,  and  again  come  up : 
And  in  prop.  224.  a  boat,  which  in  like  manner 
may  be  brought  under  water,  and  move  therein. 

§.  75.  A  fluid,  in  which  a  body  by  its  weight 
fully  immerfes,  acquires  fo  great  an  acceflion  of 
weight  as  the  immerfed  body  lofes  of  its  weight: 
For,  the  immerfed  body  removes  a  part  in  the 
fluid,  equal  bulk  for  bulk.  This  part  it  re¬ 
moves,  if  adling  againft  it  with  a  weight,  equal 
to  the  weight  of  that  part.  And  therefore  it  is 
the  fame  thing,  as  if  the  fluid  had  acquired  fo 
much  matter  of  its  own  fpecies,  equal  to  the 
fpace  occupied  by  the  immerfed  body. 

§.  76.  And  thus  a  fluid  acquires  from  a  body 
of  a  lighter  fpecies  A,  that  by  its  weight  quite 
immerfes,  a  greater  weight,  than  from  a  quite 
immerfed  body  B  of  a  heavier  fpecies,  when 
both  weigh  equal.  For,  A  lofes  in  weight  more 
than  B,  §.  71.  For  inflance,  a  veflel  of  water 
gains  from  18  lb.  of  fllver  fifty  loths,  and  from 

1 

18  lb,  of  gold  only  thirty-two  loths,  when  both 

bodies 
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bodies  are  plunged  quite  into  the  water,  and 
hung  at  a  firing,  §.  72. 

If  a  body,  when  fully  left  to  its  weight,  refts 
on  a  fluid,  the  weight  of  the  fluid  will  be  in- 
creafed  by  its  whole  weight.  For,  it  a£ls  with 
its  entire  weight  againfl  the  fluid. 

If  fuch  a  body  is  made  to  plunge  and  link, 
the  weight  which  the  fluid  gains  from  it,  may 
be  thereby  increafed  and  diminiftied.  Increafed, 
when  the  body  reiling  thereon,  retains  its  bulk 
or  volume,  and  by  an  appended  weight  is  im« 
merfed  and  funk.  It  may,  for  inflance,  in 
plunging,  force  a  cubic  inch  of  fluid  out  of  its 
place.  What  this  cubic  inch  weighs,  with  fo 
intenfe  a  weight  the  appended  body  mufl  a£t 
againil  the  fluid.  And  with  this  weight,  the 
weight  of  the  fluid  is  thus  increafed.  Diminifli¬ 
ed,  when  the  body  refling  thereon,  retains  its 
weight,  but  its  bulk  is  fo  leflened,  as  that  a  part 
of  the  fluid,  of  equal  bulk,  weighs  lefs  than  it. 
For,  in  this  manner  the  body  lofes  only  a  part 
of  its  weight  in  the  fluid,  §.  67.  And  thus  now 
lefs  weight  accrues  to  the  fluid  than  before.  For 
inflance,  were  a  cubic  inch  of  lead  changed  to  a 
hemifphere,  whofe  cavity  holds  a  greater  weight 
of  water  than  the  fphere  itfelf  weighs ;  it  wrould 
reft  on  the  water,  and  with  its  whole  weight 
prefs  thereon.  Were  this  fphere  with  its  full 
weight  changed  again  to  the  former  cubic  inch; 
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it  would  fmk  in  the  water,  and  take  from  it  the 
weight  before  communicated,  to  the  quantity 
of  weight  it  lofes  as  a  cubic  inch  in  the  water. 
Baron  Wolfius  illuftrates  this  by  an  experiment, 
which  he  defcribes  in  his  Ufeful  Experiments , 
P.  I.  §.  194.  Let  a  tube  fome  ells  long,  be 
fufpended  at  a  balance,  and  filled  with  water.  In 
this  water  let  a  cylinder  of  lead  be  hung, 
fattened  with  a  thread  at  the  handle,  with  which 
the  tube  hangs  at  one  arm  of  the  balance.  On 
the  fcale  at  the  other  arm  let  a  weight  be  laid 
equal  to  the  weight  of  the  tube,  water  and  cy¬ 
linder.  When  the  tongue  ftands  even,  you  burn 
off  the  thread  with  the  flame  of  a  wax-candle. 
So  foon  as  the  cylinder  drops,  the  arm,  at  which 
the  tube  hangs,  rifes,  and  the  other  finks  down. 
But  when  the  cylinder  reaches  the  bottom  of 
the  tube,  the  balance  returns  to  its  former  ttate 
again.  The  cylinder  hanging  at  the  thread, 
unites  its  weight  with  the  water  and  the  tube. 
Which  is  all  one  as  if  a  hollow  fphere  weighing 
equal  thereto,  retted  therefore  loofe  on  the  wa¬ 
ter,  barely  as  its  cavity  could  hold  a  greater 
weight  of  water  than  itfeif  weighed.  If  the 
thread  at  which  the  cylinder  hangs  is  burnt; 
the  cylinder  in  the  fall  drives  every  way  only  a 
part  of  the  water  in  bulk  equal  to  its  own  built. 
So  much  as  this  part  weighs,  with  fo  much  weight 
the  cylinder  in  the  fall  prefies  againft  the  water, 
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and  thus  unites  its  over  weight  no  longer  with 
it  and  the  tube.  Which  is  juft  all  one,  as  if  the 
foregoing  hollow  fphere,  in  weight  equal  to  the 
weight  of  the  cylinder,  were  changed  to  fuch  a 
cylinder,  and  left  free  to  the  water. 

§.  77.  If  a  body  by  its  own  weight  unable  to 
plunge  quite  into  a  fluid,  is  immerfed  by  an 
external  force  ;  it  again  rifes  up  when  left  to  its 
own  weight.  For,  the  re-adion  of  the  fluid  is  fo 
intenfe  or  ftrong,  as  is  the  adion  of  the  external 
force  on  it,  §.  8.  But  this  adion  exceeds  the 
adion  of  the  weight  of  the  immerfed  body. 
And  thus  too  the  readion  of  the  fluid  exceeds 
the  adion  of  this  weight. 

The  fluid  lofes  thus  again  the  weight  imparted 
to  it;  and  if  caufed  by  an  appended  body,  you 
eafe  it,  on  untying,  and  buffering  the  body  to 
defcend  by  its  weight;  as  the  experiment  pro- 
pofed  by  M.  Leibnitz  fhews,  and  related  in  the 
memoirs  of  the  academy  of  fciences,  in  the 
hiftory  of  the  caufes  of  the  changes  of  the  baro¬ 
meter.  Let  a  metal  ball  be  tied  at  each  end 
of  a  thread*  The  one  A  fo  hollow  as  to  float  in 
water,  and  at  the  fame  time  fuftain  the  other  B, 
which  is  folid,  in  the  water.  Both  thefe  balls 
you  put  into  the  water  of  the  tube  above  de- 
fcribed,  hanging  at  the  other  arm  of  the  balance 
a  weight,  which  is  equal  to  the  weight  of  this 
tube,  and  of  the  water,  and  both  the  balls.  And 
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then  you  fnip  off  the  thread  at  which  A  and  B 
hung,  B  drops  down  and  finks,  and  the  tube 
becomes  lighter  fo  long  as  B  is  defcending. 


CHAP.  IV. 

Of  E  L  A  S  T  I  C  I  T  Y. 

§.  78.  T  F  an  unelaffic  body  is  thrown  againff 
A  an  unyielding  furface,  it  cannot  recoil 
or  move  back.  For  the  body  is  foft,  and  thus 
compreffed  in  the  throwing,  §.51.  It  is,  be- 
Tides,  unelaffic,  and  thus  has  no  force  in  itfelf  to 
expand  the  compreffed  parts  again  to  their  for¬ 
mer  fpace,  §.  cit.  Now  fo  ftrong,  as  by  the 
throw,  it  adls  on  the  faid  furface,  fo  ftrong  this 
laft  re-ads  on  it,  §.8.  So  that  both  body  and 
furface  are  to  be  confidered  as  parts  of  a  Angle 
body,  adding  equally  ftrong  on  each  other.  Con- 
fequently  they  hang  together,  §.  5. 

If  the  furface  is  either  raifed  above  the  place 
from  which  the  throw  is  made,  as  the  deling; 
or  ftands  vertical,  as  the  wall  of  a  room:  The 
body  thrown  will  part  from  it  by  its  gravity. 
But  that  is  no  refilition  or  refledion,  as  what 
muff  arife  from  another  adlion  than  that  of  gra- 
viiy . 

o 
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§.  79.  If  therefore  a  body  refiles  from  a  folid 
and  immoveable  obftacle  at  which  it  is  thrown ; 
this  refilition  is  a  fign  of  its  elafticity  or  fpringi- 
nefs.  If,  for  inftance,  an  ivory  ball  is  fo  held 
at  a  thread,  as  to  prefs  barely  by  its  weight  on  a 
marble  table,  done  all  over  thinly  with  a  fat 
blacking;  on  the  furface  turned  towards  the  ta¬ 
ble,  a  fmall  black  circle  like  a  point  is  formed* 
But  if  let  fall  from  a  height  of  one  or  two  ells 
on  the  table,  it  diredly  refiles,  and  fprings  up¬ 
wards  back  from  the  table,  and  in  the  part  of 
its  furface  on  which  it  fell,  is  without  any  dent 
or  pit;  but  exhibiting  a  much  larger  black  cir¬ 
cle  than  before,  when  it  touched  the  table  with¬ 
out  falling.  From  this  it  appears,  that  there  it 
was  ftrongly  comprefifed,  but  that  again  by  its 
own  force  it  fully  expanded  the  compreffed 
parts,  and  thereby  the  refilition  arofe.  But  it 
mull  be  owned,  that  in  the  marble  table  at  the 
part  on  which  the  ball  had  hit,  a  fmall  pit  was 
made,  but  which  is  not  to  be  obferved,  as  the 
marble  in  like  manner  has  a  certain  degree  of 
elafticity. 

§.  80.  The  re-adion  of  elafticity  is  of  the  fame 
degree  of  ftrength,  as  the  adion  whereby  an 
elaftic  body  is  compreffed ;  or,  whereby  its  co¬ 
hering  parts  are  brought  into  another  fituation. 
For,  the  re -adion  of  elafticity  enables  the  force 
ading  in  the  elaftic  body,  to  change  the  fitua- 

F  3  tion 


yo  Of  the  mutual  Actions 

tion  of  its  parts  in  a  certain  degree  only,  fo  long 
as  it  admits  of  compreffion.  In  order  to  caufe 
a  greater  change  or  compreffion,  a  stronger  ac¬ 
tion  is  neceflfary. 

§.  Si.  An  elafhic  body  admits  the  being  com- 
preffied  only  fo  long,  as  its  parts  can  be  brought 
nearer  together.  Touch  they  either  each  other 
quite;  or  are  there  no  empty  fpaces  or  interfaces 
between,  into  which  they  may  be  brought;  it  is 
not  poffible  to  bring  the  body  into  a  fm aller 
compafs.  Now  if  the  preffion,  whereby  an  elafbic 
matter  which  is  fluid,  was  brought  into  a  nar¬ 
rower  fpace,  is  diminiffied :  The  query  is,  what 
is  the  ratio  of  the  narrower  to  the  wider  fpace, 
into  which  the  fluid  expands  by  its  elafticity? 
Above  all  things  vre  are  to  enquire,  whether  this 
matter  has  in  the  compreffion  loll  any  thing  of 
what  conftitutes  its  elaftic  force;  in  the  expan- 
flon  undergone  either  an  increafe  or  a  decreafe; 
'  or  wdiile  the  diminution  of  the  particular 

preffion  lafted,  acquired  a  new  preffion  from 
any  other  matter.  Hold  none  of  theie  three 
particulars,  and  thus  come  only  the  preffion  and 
its  decreafe,  and  the  action  ot  elafticity  to  be 
confidered,  when  the  matter  expands  itfelf;  the 
narrower  and  fmaller  fpace  is  to  the  wider  and 
larger,  as  the  fmaller  preffion  to  the  greater. 
Suppofe,  for  inftance,  the  fluid  matter  to  be 
comprelled  in  fuch  a  manner  into  a  tube  equally 
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wide  throughout  by  a  four-pound  weight,  as  to 
ft  an  d  only  three  inches  high.  If  this  prefiion  is 
diminifhed  about  half,  as  that  thus  only  2  lb, 
prefs  on  the  elaftic  matter:  this  laft  Hands  now 
fix  inches  high.  As  thus  the  fmaller  preffion  2 
is  to  the  greater  4,  fo  the  fmaller  fpace  3  to  the 
greater  6.  For,  the  re-aftion  of  the  eiafticity  is 
always  equal  to  the  aftion  of  the  prefling  weight 
§,  80.  If  therefore  the  adlion  of  the  prefling 
weight  diminifhes;  the  re-adlion  of  the  eiafticity 
will  be  lefs,  and  by  its  remaining  adlion  the 
fpace  of  the  elaftic  matter  greater.  The  de^ 
creafmg  adlion  of  the  weight  is  a  lefs  preffion. 
And  thus  fo  often  as  the  lefs  preffion  is  contained 
in  the  greater,  fo  often  contains  the  greater  fpace 
under  the  lefs  preffion,  the  lefs  under  the  greater* 
So  often  as  the  greater  fpace  contains  the  lefs, 
fo  often  is  the  lefs  contained  in  the  greater.  As 
thus  the  lefs  preffion  on  the  elaftic  matter  is 
to  the  greater;  fo  alfb  is  the  lefs  fpace  to  the 
greater.  And  again,  as  the  greater  preftion  is  to 
the  lefs;  fo  is  the  greater  fpace  to  the  lefs.  We 
therefore  find  the  greater  fpace,  on  multiplying 
the  greater  preffion  by  the  lefs  fpace,  and  dividr 
ing  the  produdt  by  the  lefs  preffion.  The  lefs 
fpace  we  find,  on  multiplying  the  lefs  preffion 
by  the  greater  fpace,  and  dividing  the  produft 
by  the  greater  preffion.  As  ftand  the  elaftic 
matter  in  the  above  tube  fix  inches  high,  while 

F  4  2 


J2  Of  the  mutual  Actions 

2  lb.  prefs  thereon  ;  and  you  afk,  how  high  the 
matter  would  Hand,  if  41b.  preffed  thereon; 
you  find  three  inches  height.  For,  the  product 
of  the  Ids  prefiion  2,  and  the  greater  fpace  6,  is 
12,  which  divided  by  the  prdfion  4,  the  quotient 
is  3. 

4  :  2  :  :  6  :  3. 

The  lefs  the  fpace  into  which  an  elaftic  mat¬ 
ter  is  preffed  by  a  greater  weight,  the  denfer  it 
is  therein.  As  thus  the  greater  predion,  whereby 
an  elaftic  matter  is  compreffed,  is  to  a  lefs;  fo  is 
its  denfity  when  bearing  the  greater  weight,  to 
its  denfity  when  under  the  lefs  weight.  For  in- 
fiance,  if  the  greater  prdfion  is  to  the  lefs,  as  4 
to  1 ;  fo  the  denfity  under  the  greater  is  to  that 
under  the  lefs,  as  4  to  1  too.  Or,  if  the  lefs 
preffion  is  -f  of  the  greater;  fo  the  denfity  under 
the  lefs  preffion  is  alfo  4  of  the  denfity  under 
the  greater.  But  this  ratio  in  like  manner,  holds 
under  the  fame  condition,  that  the  ratio  of  the 
ipaces  was  determined  by  above. 

§.  82.  The  elafticity  of  an  elaftic  body,  com¬ 
preffed  into  a  lefs  fpace,  is  to  its  elafticity,  when 
occupying  a  greater,  inverfely  as  the  greater  to 
the  lefs  fpace.  For,  the  elafticity  of  a  com¬ 
preffed  matter  is  always  equal  to  the  preffion* 
§.  80.  And  thus  the  elafticity  of  an  elaftic  body, 
preffed  into  a  lefs  fpace,  is  to  its  elafticity,  when 
more  at  large,  or  taking  up  a  greater  fpace,  as 
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the  preffion,  whereby  it  is  reduced  to  a  lefs 
fpace,  to  the  preffion,  which  it  fuftains  in  the 
greater  fpace.  But  the  greater  preffion  on  it  in 
the  lefs,  is  to  the  lefs  preffion  in  the  greater 
fpace,  inverfely'  as  the  greater  fpace  to  the  lefs, 
§.  8 1.  For  inftance,  fuppofe  the  lefs  fpace  to 
the  greater,  as  i  to  2,  and  the  preffion,  whereby 
an  elaflic  matter  is  reduced  to  the  lefs  fpace,  to 
be  to  the  preffion  on  it  in  the  greater,  as  2  to  1 : 
The  elafticity  of  the  matter  in  the  lefs  fpace  1, 
is  to  the  elafticity  in  the  greater  2,  as  the  greater 
fpace  2  to  the  lefs  1. 

§•  83.  Stand  the  line  H  C,  fig.  4.  plate  II.  in 
which  a  body  ftrikes  againft  another  C,  perpen¬ 
dicular  to  its  furface  ACB;  or  form  with  the 
lineACB,  which  it  touches,  a  right  angle  on 
both  fidcs,  that  is  an  angle  of  ninety  degrees; 
the  ftroke  or  ffiock  is  called  direfi.  But  form 
the  line  DC,  in  which  a  body  impinges  on  C, 
an  oblique  angle  at  C  with  the  line  ACB;  the 
ftroke  is  called  oblique .  The  angle  DC  A  is 
denominated  oblique,  when  its  adjoining  angle 
DCB  is  unequal  to  it.  DC  A  is  under  ninety 
degrees,  and  called  acute;  DCB  above  ninety 
degrees,  and  called  obtufe.  The  ftroke  of  a  ball 
on  another  is  dired,  fig.  6.  plate  IX.  when  the 
line  AP M,  in  which  the  ball  AB  impinges  on 
the  ball  ab,  paffes  thro5  the  centres  of  both  balls 
F  and  M.  But  happen  the  ftroke  in  a  line,  that 
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goes  to  one  fide  of  the  centre  of  the  one  ball,  as 
in  the  line  SC,  it  is  called  oblique. 

§.  84.  A  perfectly  elaftic  body  H,  fig.  4. 
plate  II.  impinging  diredtly  on  a  body  C,  that 
neither  yields  nor  gives,  refiles  or  is  refiedted 
diredtly  back  from  C,  and  finifhes  its  retrograde 
courfe  with  the  very  fame  celerity  with  which  it 
impinged.  For,  the  re-adtion  of  the  body  C 
happens  in  the  perpendicular  line  CH,  in  which 
the  action  happens.  So  that  the  elaftic  body  is 
comprefifed  in  the  line  CH,  and  thereby  the 
elafticity  excited.  The  re-adtion  of  the  body  C 
is  equal  to  the  action  of  the  impulfe.  For  the 
body  neither  yields  nor  gives.  And  thus  too 
the  elafticity  is  equal  to  the  adtion  of  the  im¬ 
pulfe,  §.  80.  And  thus  it  tends  with  an  equal 
degree  of  ftrength  or  intenfenefs,  again  to  ex^ 
pand  the  compreffed  body,  as  what  it  impinged 
with.  But  it  can  only  expand  in  the  line  CH 
in  which  it  impinged;  as  the  body  C  ^either 
yields  nor  gives.  And  therefore  the  retrograde 
motion  or  refiedtion  muft  happen  in  the  line  of 
impadtion,  and  be  equal  to  it  in  velocity. 

A  body  is  called  perfectly  elaftic ,  when  its  com- 
prelfed  parts  expand  in  fuch  a  manner,  as  com- 
pleatly  to  fill  up  again  its  former  fpace,  on  the 
entire  ceafing  of  the  adtion  of  the  caufe  of  com- 
prefiion.  3 
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§.  85.  If  a  perfeftly  elaftic  ball  A,  fio-.  r 
plate  II.  direddly  impinges  on  one  at  reft  B  of  an 
equal  elaBicity  and  mafs;  A  Bands  Bill  after  the 
Broke,  and  B  proceeds  in  the  line  in  which  it 
was  impelled,  with  the  very  fame  celerity  as  A 
had  in  the  Block.  If  we  confider  only  the  mafs 
and  celerity  of  an  elaBic  body,  we  may  regard 
it  as  without  elaBicity.  And  therefore  in  order 
to  examine  the  addions  of  two  elaBic  bodies ;  we 
are  firB  to  attend  to  the  addion,  arifing  from 
their  malles  and  celerities;  and  then  to  that 
from  their  elafticity.  A  and  B  have  equal 
mafTes.  A  moves,  and  has  a  certain  degree  of 
Celerity:  But  B  is  at  reB,  and  has  none.  Now 
jn  fo  far  as  A  without  elaBicity  acts  on  B  by  it$ 
mafs  and  velocity;  and  B  without  elaBicity  re^ 
adds  with  equal  mafs,  but  without  velocity;  the 
conatus  of  the  body  B  to  continue  in  its  Bate  of 
reB  is  lefs  than  the  conatus  of  the  body  A,  tq 
force  it  out  of  its  Bate  of  reB.  And  thus  B 
moves  in  the  line  in  which  it  is  impelled  by  A 
§?  7.  The  force  whereby  the  fmgle  mafs  A 
moved  before  the  fhock,  moves  now  after  the 
Brock  a  double  mafs.  But  the  power  is  not 
increafed:  Nor  is  it  diminiBred.  For,  B  re- adds 
barely  by  its  mafs;  and  A  has  an  equal  mafs. 
And  thus  the  body  A  lofes  the  half  of  its  celeri¬ 
ty,  ana  B  gains  the  other  half.  As  A  impinges 
on  B,  B  will  be  comprefled,  as  being  elaBic. 

But 
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But  B  will  be  comprefTed  barely  by  the  force, 
which  A  ftill  retains  for  its  motion.  This  is 
the  force  of  its  half  velocity.  With  equal  force 
B  re-abfo  by  its  elafticity,  §.  8o,  and  thus  com- 
prefifes  the  body  A  in  like  meafure.  And  hereby 
A  is  deprived  of  the  remaining  half  of  its  velo¬ 
city.  But  as  B  lofes  not  the  half  velocity  im¬ 
parted  to  it,  becaufe  it  is  comprefTed  by  A ;  fo 
B  may  proceed  therewith.  Confequently  alfo 
the  comprefTed  body  A  may  expand  again  to¬ 
wards  B.  And  hereby  it  gives  the  Body  B  a 
new  velocity;  which  is  the  other  half.  For,  the 
body  was  comprefTed  by  a  force  of  the  half  ve¬ 
locity.  And  thus  B  gains  the  whole  velocity 
with  which  A  impinged  on  it. 

§.  86.  Impinge  two  balls  A  and  B  of  equal 
elafticity  and  equal  mafifes,  in  direbtly  oppofite 
dircbtions  with  unequal  velocities  on  each  other; 
they  fpring  back  from  each  other  with  inter¬ 
changed  velocities,  fig.  5.  plate  II.  As  be  the 
velocity  with  which  A  impinges  on  B,  greater 
than  the  velocity  with  which  B  ftrikes  on  A. 
As  B  withftands  the  impinging  body  A;  B  is  to 
be  confidered  as  a  ball  at  reft.  So  that  it  gains 
the  velocity  of  the  ball  A.  And  as  A  with- 
ftands  the  incurring  body  B  ;  A  is  to  be  confi¬ 
dered  as  a  ball  at  reft.  So  that  A  gains  the 
velocity  of  the  ball  B,  §.  85. 
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§.  87.  In  a  row  of  balls  at  reft,  1,  2,  3,  4,  of 
equal  elafticity,  and  equal  maftes,  and  in  contact 
one  with  another,  the  laft  fprings  back,  when  a 
diftant  ball  C,  equal  to  each  in  mafs  and  elafti¬ 
city,  ftrikes  diredtly  on  the  ball  1.  C  itfelf  af¬ 
ter  the  fhock  ftands  ftill,  fig.  6.  plate  II.  This 
loft  happens  therefore,  becaufe  it  ftrikes  on  the 
ball  1  at  reft.  Hereby  the  ball  1  gains  an 
equally  ftrong  tendency  to  proceed  in  the  line, 
in  which  it  wras  ftruck.  But  it  is  in  contact 
with  the  ball  2  at  reft.  Confequently  the  ball 
1  lofes  its  whole  tendency,  and  the  ball  2  gains 
a  tendency  to  proceed,  which  is  equal  to  the 
tendency  of  the  ball  1.  At  the  ball  2  lies  the 
ball  3  at  reft.  So  that  the  ball  2  is  deprived  of 
its  full  tendency,  and  on  the  contrary  the  ball  3 
gains  one  equal  thereto.  But  too  this  tendency 
ceafes  inftantly  in  the  ball  3,  as  being  in  contact 
with  the  ball  4  at  reft.  And  thus  the  ball  4 
gains  the  tendency,  which  from  the  impinging 
body  C  was  carried  to  it.  The  ball  4  is  no 
further  in  contadt  with  any.  So  that  inftantly, 
'  when  C  impinges  on  the  ball  i,  it  proceeds  with 
that  very  velocity  which  C  has  in  the  impulfe, 
§.  85. 

§.  88.  Impinge  on  the  firft  ball  1,  and  the 
laft  ball  4,  at  the  fame  time  two  elaftic  balls  C 
and  D',  both  equal  to  each  ball  in  the  row,  is 
2,  3,  4,  in  elafticity  and  mafs,  in  diredt  direc¬ 
tions 
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lions  with  unequal  velocities;  C  fprings  back 
with  the  velocity  of  the  ball  D,  and  D  with  the 
velocity  of  C,  fig.  6.  plate  II.  For,  the  ball  4 
gains  the  velocity  of  the  impinging  ball  C,  §. 
87.  Now  as  in  the  fame  time  the  ball  D  runs 
on  the  ball  4  ;  the  velocity  paffes  from  the  ball 
4  to  D.  So  that  D  runs  back  with  the  velocity 
with  which  C  ran  on  the  ball  1.  At  the  fame 
time  the  ball  1  acquires  the  velocity  of  the  im¬ 
pinging  ball  D.  This  velocity  paffes  from  the 

ball  1  to  the  impinging  C.  And  thus  C  runs 
back  with  the  velocity,  wherewith  D  ran  on  the 
ball  4,  §.  86. 

§.  89.  If  a  body  is  impelled  with  one  and  the 
fame  force,  now  in  an  oblique  line  D  C,  again  in 
a  perpendicular  DA  againft  a  furface  ACB,  fo 
that  all  the  way  the  force  remains  unchanged; 
the  oblique  ftroke  which  the  furface  fuftains  in 
C,  is  lefs  than  the  direct  in  A,  fig.  4.  plate  IL 
For  in  the  oblique  ftroke  DC,  which  the  furface 
undergoes  in  C,  the  body  adls  therein  only  with 
a  part  of  the  force,  with  which  it  is  impelled 
in  DC.  Vfhich  is  evident  hence:  The  force 
wherewith  the  body  is  impelled  in  DC,  is  to 
be  confidered,  as  confifting  of  two  confpiring 
forces;  one  of  which  impells  the  body  in  the 
line  DA;  the  other  in  the  lineDH;  and  that 
is  to  this ,  as  the  line  D  A  to  the  line  D  H,  §.  13, 
feq.  The  line  DA  ftands  perpendicular  on  the 

furface 
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furface  A  C,  whereas  D  H  is  parallel  to  the  fur- 
face  AC.  As  parallel  lines  once  diilant  afun- 
der,  never  come  in  con  tad  fo  long  as  they  con¬ 
tinue  parallel ;  the  force  impelling  the  body  in 
DH  cannot  ad  on  the  furface  AC.  So  that 
barely  the  force,  by  which  the  body  is  impelled 
in  DA,  ads  thereon.  This  force  is  only  a  part 
of  the  whole  force,  which  impells  the  body  in 
the  oblique  line  DC.  And  thus  the  body  in 
the  oblique  Broke  ads  only  with  a  part  of  its 
force  on  the  furface.  But  then  if  the  body  is 
impelled  in  the  perpendicular  DA  with  the 
whole  force,  which  impels  it  at  firft  in  the  ob¬ 
lique  line  D  C  it  ads  with  this  whole  force  on 
the  furface.  For,  as  the  whole  force  ads  in 

DA,  and  DA  touches  the  furface  in  A;  fo  alfo 
A  will  be  impelled  by  the  whole  force. 

The  angle  DC  A,  which  the  oblique  line 
DC,  in  which  the  body  has  its  oblique  diredion, 
forms  with  the  line  C  A,  is  called  the  angle  of 
incidence ,  and  the  oppofite  fide  DA,  its  fine. 
As  D  A  forms  at  A  with  AC  a  right  angle,  the 
oppofite  fide  or  line  D  C  is  to  be  confidered  as 
the  whole  fine.  DA  exhibits  the  part  of  the 
force,  from  which  the  oblique  Broke  arifes ;  and 
DC  the  whole  force,  which  produces  the  dired 
Broke.  And  thus  the  oblique  Broke  in  C  is  to 
the  dired  in  A,  as  DA  the  fine  of  the  angle  of 
incidence  DC  A,  to  the  whole  fine  DC.  If, 

for 
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for  inftance,  the  angle  of  incidence  D  C  A  is 
thirty  degrees;  the  oblique  ftroke  in  C  is  to  the 
direbt  in  A,  as  i  to  2.  For,  the  fine  or  thirty 
degrees  is  to  the  whole  fine,  as  5000000  to 
10000000.  And  thus  the  body  (trikes  on  the 
furface  in  C  only  with  half  the  power,  with 
which  it  (trikes  on  the  furface  in  A. 

And  thus  if  fig.  3.  plate  VI.  two  oblique 
(trokes,  as  one  in  @)0,  and  the  other  in  SO, 
are  compared  together;  the  (troke  in  SO  is  to 
that  in  ^)0,  as  the  fine  of  the  angle  or  inci¬ 
dence  SOH  to  the  fine  of  the  angle  of  inci¬ 
dence  §OH.  As  fuppofe  the  angle  of  incidence 
SOH  to  be  1 70,  41  A  and  the  angle  of  inci¬ 
dence  % O H  65°,  4 6\  The  fine  of  the  fir  ft 
angle  is  to  the  line  of  the  fecond,  as  30375,  59 
to  91188,  14.  And  thus  the  oblique  (troke  in 
SO  is  to  the  oblique  (troke  in  @0,  as  1  to  3. 

§.  90.  If  an  elaftic  ball  D,  fig.  4.  plate  II.  is 
thrown  in  the  oblique  line  DC  againft  a  furface 
or  plane  AC  B,  that  neither  yields  nor  gives; 
it  fprings  back  in  the  oblique  line  CE  on  the 
other  fide:  And  the  angle  of  incidence  DC  A  is 
equal  to  the  angle  of  refection  ECB.  For  the 
force,  with  which  the  ball  is  impelled  from  D 
to  C,  abts  not  wholly  in  C,  confiding  of  two 
forces,  which  impel  the  ball  at  the  fame  time 
along  D  A  and  D  H.  By  the  force  D  A  the 
(troke  happens  fo  foon  as  the  ball  in  its  oblique 
3  cou  rfe 
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courfe  touches  the  plane  in  C.  The  other  force 
D  H  is  employed  on  the  motion  of  the  ball  in 
CB,  §.  89.  As  the  line  DA  forms  at  A  with 
AC  a  right  angle;  the  ftroke,  which  is  made  by 
the  force,  a&ing  along  it  on  the  plane,  is  direcT 
This  ftroke  happens  in  C,  in  which  the  ball 
impelled  by  the  confpiring  forces,  touches  the 
plane;  which  is  all  one,  as  if  impelled  to  C  by 
the  power  in  DA,  along  the  line  HC  parallel 
to  the  perpendicular  line  DA:  So  that  the  ball 
by  virtue  of  its  elafticity,  tends  to  fpring  back 
from  C  in  the  perpendicular  line  CH,  with  the 
fame  velocity  with  which  it  advanced,  §.  84.  In 
this  manner  the  ball,  after  the  ftroke,  is  impelled 
by  two  confpiring  forces  in  C  H  and  C  B.  For, 
the  force  with  which  it  was  impelled  in  DH,  it 
has  retained  entirely  in  the  fhock.  And  thus  it 
is  impelled  thereby  from  C  along  CB.  Now 
as  thefe  conipiring  forces,  which  aft  after  the 
ftroke,  are  equal  to  the  confpiring  forces  which 

i 

aCted  before  the  ftroke;  and  their  lines  of  direc¬ 
tion  in  like  manner  form  a  right  angle:  So  the 
ball,  after  the  fhock  in  C,  muft  continue  its 
courfe  from  this  point  C  along  the  diagonal  CE? 
which  with  C  B  forms  at  C  as  great  an  angle, 
as  CD  does  with  CA  at  C.  And  here  M.  de 
Mairarfs  thoughts  on  reftlition  or  reflection  are 
to  be  conftdered  with  attention;  the  hiftory  of 
Vol.  I,  G  which 
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which  is  given  in  the  memoires  of  the  academy 
of  fciences. 

If  an  elaftic  ball  A  is  in  contadl  with  feme 
others,  as  i,  2,  3,  and  flruck  on  diredlly  by  a 
ball  B,  fig.  7.  plate  II.  it  adls  by  its  fpringinefs 
on  all  the  adjoining  balls  at  the  fame  time;  yet 
with  this  difference,  that  the  ball  2,  lying  in  a 
line  with  A  and  B,  has  the  greateft  flroke ;  the 
others  a  weaker^  according  to  the  obliquity  of 
the  lines.  If  at  the  balls  1,  2,  3  rows  of  balls 
lie;  in  each  row  the  laff  ball  fprings  back  fo  foon 
as  it  is  flruck  on  by  B. 


C  H  A  P.  V, 

Of  the  central  Forces» 

§*  91*  /\  SSUMING  a  point  C,  fig.  8.  plate 
x  -L  II.  about  which  a  body  may  revolve, 
call  it,  with  refpedl  to  the  curve  line  defcribed 
about  it,  the  centre.  Now  if  a  body  has  a  co- 
natus  to  approach  thereto;  it  is  called  a  centri¬ 
petal  force-,  but  if  a  conatus  to  recede  therefrom, 
a  centrifugal  force .  The  experiments  whereby 
the  dodtrine  of  central  forces  is  illuflrated,  and 
a  machine  well  contrived  for  the  purpofe,  the 
Abbe  Nollet  has  defcribed  with  uncommon  dif- 
4  tinclnefs 
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tin&nefs  in  his  Lemons  de  Phyfique  Experiment  ale , 

To  II.  Se£t.  2. 

Such  a  machine  con  fills  of  a  vertical  banging 
wheel,  and  a  table  placed  horizontal.  In  order 
commodioufly  to  bring  it  into  a  horizontal  por¬ 
tion,  at  the  foot-frame  are  fcrews3  by  which  it 
may  be  raifed  and  lowered.  On  the  table  are 
two  horizontal  fheeves  or  pulleys,  with  whirls 
or  incifions  of  different  diameters,  about  which 
the  firing  goes,  by  means  of  which,  the  fheeves 
may  be  turned  by  the  wheel.  The  fheeves  are 
in  the  middle  ftuck  on  iron  fpindles.  At  the 
corners  of  the  table  are  irons  with  round  holes, 
and  at  the  feet  are  irons  with  fockets.  Through 
the  round  holes  of  the  upper  irons  the  fpindles 
are  fluck,  which  with  their  points  reft  in  the 
fockets  of  the  under  irons.  The  difpofition  of 
this  machine  is  exhibited  fig.  8.  plate  XIII. 

The  moveable  fheeves  with  the  whirls  or  inci¬ 
fions  are  not  to  be  feen  in  the  figure,  as  other 
larger  fheeves  ftand  over  them,  which  are  faftened 
on  the  leaf  of  the  table,  of  which  mention  will 
be  made  below. 

■§.  92.  If  a  body  A  fig.  8.  plate  II.  refting  on 
a  fheeve  or  pulley,  is  brought  out  of  its  ftate  of 
reft,  and  impelled  towards  D  in  the  line  A  D ; 
it  recedes  from  the  centre  C»  For,  all  the 
points  after  A  in  the  line  AD,  are  more  diftant 
from  the  centre  than  the  point  A,  which  is  the 

G  2  extrc- 
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extremity  of  the  radius  AC,  The  line  AD? 
which  touches  the  radius  in  A,  is  called  the 
tangent  of  the  circle.  And  therefore  the  force 
with  which  a  body  is  impelled  in  the  tangent,  is 
a  centrifugal  force :  and  confequently  the  force 
with  which  a  body  A  is  impelled  in  the  radius, 
a  centripetal  force. 

§.  93.  If  a  fheeve  or  ball  turns  round  its  centre  j 
all  the  parts  without  the  centre,  acquire  a  cen¬ 
trifugal  force.  For,  each  fheeve  may  be  confi- 
dered  as  divided  into  lefs  ones,  with  each  a  pe¬ 
culiar  periphery ;  and  a  ball  too  into  a  number 
of  fheeves.  Suppofe  the  periphery  to  be  AFBA, 
fig.  8.  plate  II.  and  A  to  be  the  place  of  one 
part.  The  firfl  Broke  or  impulfe,  whereby  the 
fheeve  or  ball  is  to  move,  happens  in  a  right 
line,  forming  with  the  radius  AC  of  the  fheeve 
a  right  angle,  §.  10.  And  thus  the  beginning 
of  the  motion  happens  in  the  tangent  AD,  §. 

92* 

Fallen  with  wax  a  metal  ball  on  the  rim  of  a 
horizontal  fheeve,  which  Bands  on  a  fpindle, 
and  may  be  turned  round  by  the  wheel  of  die 
machine  exhibited  fg.  8.  plate  XIII.,  And  cut  a 
round  hole  in  another  fheeve,  fo  as  to  give  room 
to  the  horizontal  fheeve  therein,  but  no  where  to 
touch  the  internal  periphery  of  the  fheeve  thus 
cut  out.  1  his  fheeve  with  the  hole,  in  which  13 
the  moveable  one,  is  fo  fattened  down  as  to  re¬ 


main 
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main  immoveable  on  turning  round  the  internal, 
and  to  be  placed  horizontal  at  an  equal  height 
therewith.  On  ftrewing  the  immoveable  fheeve 
with  fand,  and  giving  the  moveable  one  fo  ftrong 
a  degree  of  motion,  as  that  the  ball  muft  fly- 
off-,  in  the  fand  on  the  immoveable  fheeve  it 
defcribes  a  line,  which  with  the  radius  of  the 
moveable  fheeve  in  the  point,  where  the  ball 
flies  off,  forms  a  right  angle. 

§.  94.  By  the  circular  motion  of  a  fheeve  or 
ball  therefore  the  centripetal  force,  by  which  its 
parts  are  connedted  with  the  centre  is  weakened. 
Fof,  as  the  centrifugal  force  arifing  from  the 
circular  motion,  acts  on  the  centripetal;  fo  the 
centripetal  adds  contrary  to  the  centrifugal ;  and 
thus  by  its  adlion,  with  which  it  fought  to  draw 
the  parts  of  the  fheeve  or  ball  towards  the  cen¬ 
tre,  muff:  employ  a  part  againfl  the  centrifugal 
force.  And  this  we  call  the  weakening  a  force. 

§.  95.  The  quicker  therefore  a  body  revolves 
round  a  centre,  the  flronger  is  its  centrifugal 
force,  and  the  weaker  its  centripetal, 

96.  If  two  equally  heavy  bodies  A  and  G, 
fig.  8.  plate  II.  revolve  in  two  peripheries 
AFBA  and  GHNI,  that  bigger,  and  this  lefs, 
fo  as  to  finifh  their  revolution  in  equal  times 
with  an  uniform  motion ;  the  centrifugal  force 
of  the  body  A  in  the  greater  periphery  is  to  that 
of  the  body  G  in  the  lefs,  as  the  radius  AC  of 

G  3  the 
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the  greater  circle,  to  the  radius  G  C  of  the  lefs  * 
that  is,  as  the  greater  diftance  of  the  body  A  to 
the  lefs  of  the  body  G  from  C.  For,  as  both 
bodies  weigh  equal,  and  finifh  their  revolutions 
in  equal  times ;  that  is,  as  each  returns  to  the 
point  from  which  it  fet  out  in  the  lame  time,  in 
which  the  other  returns  to  the  point  from  which 
it  began  its  revolution  fo  the  difference  of  the 
centrifugal  forces  arifes  from  the  bare  difference 
of  the  celerities,  §.38.  Thefe  celerities  are  only 
to  be  eflimated  by  the  peripheries,  which  A  and 
G  run  over  in  their  revolutions  *,  fuppofing  the 
motion  of  each  body  in  the  periphery  it  paffes 
over  to  be  always  uniform,  or  one  time  no 
quicker  than  another.  The  celerity  of  the  body 
A  is  thus  to  that  of  the  body  G,  as  the  greater 
periphery  AFBA  to  the  lefs  GIH,  §.  27.  But 
from  the  geometry  the  greater  periphery  is  to 
the  lefs,  as  the  radius  AC  to  the  radius  GC. 
that  being  the  diftance  of  the  body  A,  and  this 
the  diftance  of  the  body  G  from  the  centre  C. 
If  therefore  AC  is  to  G  C,  as  2  to  1,  the  centrh 
id  gal  force*  of  the  body  A  is  to  that  of  the  body 
G,  as  2  to  i. 

On  a  moveable  fheeve  a  wooden  inftrument, 
fuch  as  that  exhibited  fig.  1.  plate  XIII.  is  fo 
faftened  down  by  two  fcrews,  that  the  centre  C 
of  the  plane  ACB  comes  on  the  centre  of  the 
fheeve.  At  the  ends  A  and  B  of  the  plane  two 

boards 
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beards  A  E  and  B  D  are  fet  upright  or  perpen¬ 
dicular.  Through  thefe  boards  in  E  and  D  at 
equal  heights  from  the  plane  ACB  a  brafs  wire 
is  drawn,  which  at  D  may  be  tightened.  At 
this  wire  two  equal  balls  of  ivory  /  and  g  are 
Huck,  readily  Hiding  to  and  fro  in  their  holes, 
and  tied  together  by  a  fmall  chain  at  brafs  ears. 
If  fo  diflant  afunder  as  the  length  of  the  chain, 
and  the  one  has  a  fironger  impulfe  than  the 
other  againft  the  board  next  to  it,  that  other 
will  be  drawn  along  by  it.  This  inftrument  as 
carrying  the  balls  at  the  wire,  is  called  a  carrier , 
On  the  plane  ACB  a  right  line  is  drawn  at  C, 
divided  into  two  equal  parts  CA  and  CB,  on 
each  of  which  an  equal  number  of  inches  is  fet 
off.  Now  if  the  balls  at  the  chain,  fully  fining, 
are  removed  equally  diflant  from  the  centre  C; 
as  that  their  equators  fland  above  the  lines  2 
and  2 ;  and  the  fheeve  turned  round  by  a  firing 
and  wheel;  the  bails  remain  without  fhifting 
above  2  and  2,  be  the  motion  never  fo  quick, 
fo  only  it  caufe  no  quivering  in  the  fheeve. 
Each  ball  by  the  circular  motion  acquires  a  cen¬ 
trifugal  force.  But  as  the  difiances  of  the  balls 
from  the  centre  C  are  mutually  equal,  and  con- 
fequently  may  be  confidered  as  two  equal  radii 
of  a  circle;  fo  the  centrifugal  forces  are  alio 
mutually  equal.  So  intenfely  therefore  as  the 
ball  /is  drawn  hy£  towards  D,  juft  fo  intenfely 

G  4.  is 
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is  the  ball  g  drawn  by/ towards  E.  But  if  the 
balls  are  fo  placed,  as  that  the  one,  for  mHance, 
flies  over  3,  and  the  other  nearer  the  centre  C, 
/  flies  to  E  and  fnatches  g  along  with  it.  For, 
/  being  more  diflan  t  from  the  centre  C  than  g> 
has  too  a  greater  centrifugal  force  than  g. 

§.  97.  If  two  unequally  heavy  bodies  are 
equidiftant  from  their  centre,  and  move  round 
it  with  equal  celerities;  the  heavier  acquires  a 
greater  centrifugal  force  than  the  lighter,  §.  37» 
fig.  1 .  plate  XIII.  If  on  the  wire  of  the  carrier, 
in  Head  of  two  ivory  balls  you  flick  brafs  ones  / 
and  g ,  of  equal  fize,  but  fo  hollowed,  as  that 
the  weight  of  the  ball  /  is  to  that  of  the  ball 
as  1  to  2;  and  bringing  thefe  balls  at  the 
fcretched  chain  to  equal  diflances  from  the  cen¬ 
tre  C;  as  that /  fhall  lie  to  the  left  over  the  line 
3,  and  g  to  the  right  over  the  line  3;  and  turn¬ 
ing  round  the  fheeve  on  which  the  carrier  is 
i  aliened;  the  heavier  ball  g  flies  to  the  beard  D, 
and  fnatches  the  lighter  along  with  it. 

Putting  into  a  glafs  tube  folid  and  fluid  mat¬ 
ters,  one  of  a  heavier  fpeciesthan  the  other;  as, 
for  mHance,  a  lead-bullet,  water  and  oil,  and 
leaving  a  fpace  which  the  air  fills  up,  flop  up 
then  the  tube;  fig.  3.  plate  XIII.  Fallen  this 
tube  on  the  carrier  AC  Bin  an  inclining  pofi- 
tion.  I  lie  lead  bullet  then  occupies  the  under- 
moll  part  at  C,  above  it  Hands  the  water,  and 

above 
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above  that  the  oil,  and  the  remaining  upper 
fpace  the  air  fills  up.  But  if  you  give  the  car¬ 
rier  a  circular  motion,  this  order,  in  which  they 
Hand  above  each  other,  before  the  carrier  moves, 
is  reverfed.  The  air  takes  the  undermoft  fpace 
quite  to  C.  above  it  Hands  the  oil,  and  over  the 
oil  the  water,  and  the  lead  bullet  rifes  quite  a- 
top.  Water,  oil  and  air,  have  indeed,  in  the 
circular  motion  a  greater  velocity  than  the  lead- 
bullet,  as  they  are  more  diflant  from  the  centre 
C.  But  the  weight  of  the  lead-bullet  exceeds 
that  of  an  equal  bulk  of  thefe  fluids  far  more 
than  the  velocity  of  the  lead-bullet  is  exceeded  ' 
by  the  velocities  of  thefe  matters.  In  like  man¬ 
ner  a  part  of  water  exceeds  an  equally  heavy 
part  of  oil  far  more,  than  a  part  of  v/ater  is  ex¬ 
ceeded  in  velocity  by  an  equal  part  of  oil.  And 
this  holds,  on  comparing  oil  and.  air  according- 

•a.  < — *  ,  £2 

to  their  mafies  and  velocities. 

If  a  hollow  glafs  globe  with  fin  all  [hot,  water 
and  oil  in  it,  is  turned  round  its  axis,  the  axis 
[landing  horizontal:  The  [hot  applies  to  the  in¬ 
ternal  furface  quite  around  in  form  of  a  broad 
firipe ;  the  water  has  the  form  of  a  hollow  ball, 
and  the  air  fills  up  its  internal  fpace. 

§.  98.  But  if  the  malles  of  two  bodies  moving 
together  round  a  point,  arc  to  each  other  in  the 
inverfe  ratio  of  their  celerities;  their  centrifugal 
forces  are  mutually  equal;  fig.  1.  plate  XIII. 

Place 
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Place  the  brafs  ball/,  whofe  mafs  is  i,  over  the 
line  2  to  the  left;  and  the  ball  g,  whofe  mafs  is 
2,  over  i  to  the  right,  the  chain  being  extended. 
If  the  fheeve  is  turned  round,  neither  moves  out 
of  its  place.  For,  they  both  acquire  equal  cen¬ 
trifugal  forces.  And  thus  both  feek  to  fnatch 
each  other  along  with  equal  intenfenefs.  For, 
by  fo  much  as  the  ball  /  is  exceeded  in  weight 
by  the  ball  g9  by  fo  much  is  g  exceeded  by  /  in 
celerity.  So  that  the  centrifugal  forces  of  both 
balls  arife  as  products  from  one  and  the  fame 
factors. 

§.  99.  If  a  ball  ANBS,  fig.  2.  plate  XIIL 
whofe  parts  together  have  an  equal  centripetal 
force  or  gravity  towards  the  centre  C,  while  the 
ball  is  at  reft,  moves  round  its  axis  N  C  S ;  the 
centripetal  force  or  gravity  of  its  parts  will  be 
tnofi:  weakened  in  the  equator,  but  ftijl  lefs  in 
the  peripheries  of  the  parallel  circles,  the  nearer 
they  are  to  the  poles.  This  happens  from  two 
caufes.  Firft,  there  arifes  in  the  equator  a 
greater  centrifugal  force  than  in  the  peripheries 
of  the  parallel  circles,  fuppofing  the  bodies  on 
the  whole  furface  together  to  have  one  and  the 
fame  mafs.  For,  the  equator  of  a  ball  is  greater 
than  any  circle  thereof,  running  parallel  with  it. 
Now  if  the  parallel  circles  perform  their  revolu¬ 
tion  in  equal  times  therewith,  the  motion  of  a 
body  in  the  equator  is  quicker,  §.  27.  and  con- 
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fequently  its  centrifugal  force  Wronger,  than  of 
a  body  in  a  periphery  of  a  parallel  circle* 
§.  95-  And  therefore  the  centripetal  force* 
or  gravity  of  a  body  in  the  equator,  is  at 
firft  for  that  reafon  more  weakened,  than  of  a 
body  in  the  periphery  of  a  parallel  circle;  as 
againft  the  gravity  in  the  equator  a  ftronget 
centrifugal  force  ads  than  in  a  parallel  circle. 
But  fecondly,  the  centrifugal  force  ads  in  the 
equator  on  the  whole  gravity,  which  a  body  has 
in  it ;  and  in  the  parallel  circles  only  on  a  part 
of  the  gravity,  with  which  a  body  in  them  has 
a  conatus  towards  the  centre.  For,  in  the  equa¬ 
tor  the  centrifugal  force  ads  in  the  line  AC  in 
dired  oppofition  to  the  gravity,  which  propels  a 
body  along  AC,  and  thus  dimmifh.es  the  adions 
of  all  parts  of  the  gravity  in  AC.  In  a  parallel 
circle,  as  ac^  the  line  of  diredion  of  the  gravity 
towards  the  centre  is  a  C,  and  the  line  of  direc¬ 
tion  of  the  centrifugal  force  is  ca.  Both  lines 
form  at  a  an  oblique  angle.  As  the  gravity  ads 
along  a  C  towards  the  centre ;  it  is  all  one,  as  if 
it  confided  of  two  confpiring  forces,  that  aded 
along  ad  and  ac^  and  were  to  each  other  as  thefe 
lines,  §.  13,  feq.  Now  as  the  centrifugal  force 
in  ca  barely  ads  againft  the  force,  with  which 
the  gravity  along  ac  ads  againft  it;  it  only  di- 
minifhes  the  adion.of  a  part  of  the  gravity. 
The  adion  of  its  remaining  part  along  ad  re¬ 
maining 
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maining  undiminifhed.  Suppofing  therefore* 
the  centrifugal  force  in  ca  fo  ftrong  as  in  CAj 
yet  it  would  lefs  weaken  the  gravity  of  the  body 
in  a9  than  if  this  very  body  were  in  A,  So  that 
the  body  in  a  can  lofe  much  lefs  ftill  of  its  gra¬ 
vity  by  the  centrifugal  force,  arifing  in  the  pa¬ 
rallel  circle  ca^  where  it  is  lefs  than  that  in  the 
equator. 

Take  on  the  furface  of  a  ball  or  fphere  two 
points  N  and  S,  diametrically  oppofite,  or  dif-  ‘ 
tant  from  each  other  on  the  furface  of  the  fphere 
one  hundred  and  eighty  degrees,  and  draw  from 
N  through  the  centre  C  to  S  a  right  line  N  C  S. 
This  line  is  called  the  axis,  and  both  its  extre¬ 
mities  N  and  S  the  poles  of  the  fphere.  Take  on 
the  furface  of  this  fphere  two  other  points  A 
and  B,  each  of  which  is  diftant  from  a  pole 
ninety  degrees.  So  that  from  the  point  A,  a 
right  line  ACB  may  again  be  drawn  through 
the  centre  C  to  the  point  B.  This  is  called  the 
diameter  of  the  fphere.  Defcribe  on  the  furface 
of  the  fphere  from  A  to  B,  and  from  B  again  to 
A  a  circle,  by  which  the  furface  of  the  fphere  is 
divided  into  two  equal  parts.  This  circle  is 
called  the  equator  of  the  fphere.  The  fphere  by 
this  line  is  divided  into  two  equal  parts.  The 
circle  thence  arifing  is  a  great  circle  of  the  fphere, 
and  its  plane  called  the  plane  of  the  equator ,  and 
the  circle  itfelf  oftener  called  the  equator.  Sup- 

pofe 


Of  Bodies  on  Bodies. 

pole  the  point  a  on  the  furface  of  the  fphere  to 
be  as  diftant  from  A,  as  b  is  from  B ;  a  ferment 
of  the  fphere  between  the  points  a  and  b,  gives 
rile  to  a  circle,  whofe  plane  is  parallel  to  that  of 
the  equator,  or  every  way  equally  diftant  from 
it;  fuch  a  circle  is  called  a  parallel  circle,  and 
has  a  lefs  diameter  than  the  equator,  and  there¬ 
fore  is  lefs  than  it.  The  points  a  and  b  in  the 
periphery  of  a  parallel  circle  are  thus  nearer  its 
centre  c,  than  the  points  of  the  equator  A  and 
B  to  its  centre  C.  T"he  centres  of  the  equator 
and  parallel  circle  are  both  to  be  found  in  the 
axis  NCS. 

§.  too.  A  body  G,  in  order  to  defcribe  a 
curve  line  about  a  point  C,  fig.  8.  plate  II.  muft 
be  impelled  by  two  confpiring  forces;  the  one 
of  which  is  centripetal;  the  other  centrifugal. 

Impelled  only  by  a  fingle  force,  it  proceeds 
in  a  right  line,  as  GE,  §.  10. 

But  impelled  by  two  forces,  a  centripetal, 
and  a  centrifugal,  but  not  confpiring;  and  thus 
did  the  centripetal  a<5t  from  G  to  C,  and  the 
centrifugal  from  G  to  A  ;  their  lines  of  direction 
would  come  to  be  confidered  as  parts  of  one 

right  line.  But  afted  thofe  two  forces  equally 
ftrong  on  the  body  G,  it  would  remain  in  its 
place :  But  adted  the  centripetal  ftronger  than 
the  centrifugal,  it  would  run  along  the  right 
line  GC.  On  the  contrary,  adted  the  centrifugal 

ftronger 
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flronger  than  the  centripetal ;  it  would  take  its 
way  along  the  right  line  G  A. 

Were  the  body  impelled  by  two  confpiring 
forces,  the  one  of  which  were  not  centripetal  ; 
it  would,  indeed,  in  this  compound  motion  de- 
fcribe  one  diagonal  after  another;  but  from 
them  only  one  right  line  would  arife,  §.13.  fig. 
4.  plate  XIII.  Suppofe,  for  inftance,  the  body 
impelled  by  the  one  force  from  D  to  E,  and  by 
the  other  from  D  to  G,  and  the  velocity  of  the 
firft  force  to  be  to  that  of  the  fecond,  as  the  line 
DE  to  the  lineDG:  So  that  the  body  comes 
along  the  diagonal  DH  to  H.  Suppofe  the 
time  it  takes  a  fecond.  In  H  it  is  impelled  by 
the  confpiring  forces  to  I  and  L.  Suppofe  the 
velocity  of  the  force  adting  from  H  to  I  to  that 
of  the  other,  acting  from  H  to  L,  as  FI  I  to 
HL.  And  thus  the  body  in  the  following  fe¬ 
cond  goes  along  the  diagonal  H  M  to  M.  Both 
diagonals  MH  and  HD  form  one  right  line. 
And  in  it  the  body  always  removes  further 
from  the  point  C.  Suppofe  the  body  were  in 
dy  and  impelled  by  confpiring  forces  to  e  and  g  ; 
and  the  velocity  of  the  firft  to  that  of  the  fe¬ 
cond,  as  the  line  de  to  the  line  dg-9  along  the  di¬ 
agonal  dh  it  would  come  to  b.  Suppofe  this  to 
happen  in  a  fecond.  Were  it  impelled  in  h  by 
the  two  confpiring  forces  to  i  and  /,  the  velocity 
of  the  firft  of  which  were  to  that  of  the  fecond. 
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as  hi  to  hl\  it  would  traverfe  the  diagonal  h  C, 
and  in  the  following  fecond  come  to  C.  Both 
diagonals  C  h  and  hd  are  parts  of  one  right  line. 
And  along  it  the  body  is  carried  to  the  point  C, 
and  thus  again  it  defcribes  no  curve  line  about 
it. 

But  if  the  one  confpiring  force  be  conftantly 
centripetal,  fig.  9.  plate  II.  whereby  the  body  is 
always  impelled  to  the  point  G;  it  defcribes  in 
the  feveral  parts  of  the  time,  in  which  it  comes 
by  means  of  the  compound  motion  from  A  to 
d,  different  diagonals,  which  together  form  no 
right,  but  a  curve  line.  '  The  centrifugal  force«* 
which  feeks  to  take  off  the  body  in  a  right  line«, 
muff  in  that  inftant  take  another  direction,  as 
the  centrifugal  force  each  inftant  draws  the  body 
from  the  line,  along  which  the  centripetal  ads, 
and  draws  or  forces  it  towards  the  point  G.  As 
fuppofe  the  centrifugal  force  to  have  its  firft  di¬ 
rection  along  AB,  and  if  ading  alone,  might 
impel  the  body  in  the  firft  inftant  to  B;  and  the 
centripetal  impel  it  in  the  firft  inftant  from  A 
to  m,  if  ading  feparately.  The  velocity  of  the 
centrifugal  force  is  thus  to  that  of  the  centripe¬ 
tal,  as  AB  to  Am.  And  therefore  the  body 
goes  along  the  diagonal  Ah,  and  in  the  firft  in¬ 
ftant  comes  into  the  point  h,  §.  13.  And  now 
the  diredion  of  the  centrifugal  force  is  £D,  and 
its  velocity  to  that  of  the  centripetal  as  bD  to 
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In,  And  thus  the  body  traverfes  the  diagonal 
be,  and  in  the  fecond  infrant  reaches  the  point 
c .  In  like  manner  in  the  third  inftant  it  gains 
the  point  d,  So  that  the  body  has  deferibed  the 
curve  Abed,  which  it  further  proceeds  in  about 
G,  fo  the  confpiring  forces  continue  to  ad  on  it. 

From  this  very  reafon,  that  a  body  deferibes 
a  curve,  when  one  of  the  confpiring  forces  is 
conftantly  direded  to  one  and  the  fame  point, 
and  always  draws  off  the  body  towards  it  from 
the  line  of  diredion  of  the  other  force;  bodies 
projeded  move  in  parabolic  lines,  as  being  in- 
ceffantly  impelled  by  the  force  of  gravity  to¬ 
wards  the  centre  of  the  earth,  §.48. 

§.  10 1.  A  compound  motion  may  be  pro¬ 
duced  as  well  under  a  right  as  an  oblique  angle 
of  diredion,  by  which  one  and  the  fame  diagonal 
line  is  deferibed,  fig.  4.  plate  XIII.  As  fup- 
pofe  the  body  in  A  to  be  impelled  by  one  force 
towards  N,  and  by  the  other  at  the  fame  time 
towards  Qj  and  the  velocity  of  the  firft  force  to 
be  to  that  of  the  fecond,  as  the  line  AN  to  the 
line  AQ^  So  that  the  body  traverfes  AO,  and 
comes  to  O  in  the  time  in  which  by  the  fingle 
adion  towards  N  it  would  either  reach  to  N,  or 
by  the  fingle  adion  towards  Q,  to  CF  The 
angle  of  diredion  NAQ^of  thofe  confpiring: 
forces  is  oblique.  Suppofe  the  body  at  A  to  be 
impelled  by  confpiring  forces,  whole  lines  of 
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direction  AB  and  AP  form  at  A  a  right  angle. 
The  velocity  of  the  force  adting  towards  B  to 
he  to  that  of  the  other  adling  from  A  to  P,  as 
the  line  AB  to  the  line  AP:  The  body  takes 
its  way  from  A  along  the  former  diagonal  AO* 
and  in  that  line  comes  to  O*  in  which  by  the 
fingle  action  towards  B  it  would  either  reach  to 
B,  or  by  the  fingle  adtion  towards  P  reach  P. 
In  this  laft  manner,  in  which  the  lines  of  direc¬ 
tion  of  the  confpiring  forces  include  a  right 
angle,  the  curvilinear  motion  is  eafiefl  to  be  un¬ 
der  flood.  And  then  the  line  of  diredtion  AP 
of  the  centrifugal  force  is  a  tangent,  and  the  line 
of  diredtion  of  the  centripetal,  a  perpendicular. 

§.  102.  If  a  body  A  is  impelled  round  a  point 
Q  towards  which  the  centripetal  force  is  con- 
ftantly  diredted,  in  a  curve  ABD,  fig.  io.  plate 
II.  the  furfaces*  or  areas  which  it  defcribes  are 
to  each  other  as  the  times  of  motion.  The  de- 
monftration  according  to  profeiTor  Kraft  in  his 
Prteleffiones  in  Phyficam  Pheoreticam ,  §.  196,  is  as 
follows.  The  furfaces  or  areas,  which  the  body 
defcribes*  as  it  moves  in  a  curve,  are  triangles, 
into  which  the  fpace  between  the  body  and  the 
centre  may  be  divided.  Suppofe  this  curve  to 
be  divided  in  imagination  into  an  infinite  num¬ 
ber  of  fmall  lines  AB  and  BD,  which  may  be 
deemed  right  ones.  Suppofe  the  body  A  to 
have  a  certain  velocity*  by  which  it  may,  in  an 

Vol.  I.  H 


uncom- 


Of  the  mutual  Actions 


uncommonly  fmall  time  T  takes  its  way  along 
the  line  A a  \  but  at  the  fame  time  to  be  impelled 
by  the  centripetal  force,  which  in  that  very  time 
T  might  have  carried  it  along  the  line  Act  to¬ 
wards  the  centre.  It  therefore  comes  in  this 
time  T  in  the  parallelogram  AB  act  along  the 
diagonal  AB,  §.  13.  And  which- as  it  fini  flies 
in  the  very  time,  in  which  by  the  centrifugal 
force  alone  it  would  have  finifhed  the  line  A  a-9 
but  this  is  fhorter  than  AB;  fo  its  velocity  is 
fomewhat  inoreafed,  §.  27.  With  this  increafed 
velocity  it  could  thus  in  the  fecond  time  T  have 
defcribed  the  line  Bb  equal  to  the  line  AB. 
But  the  centripetal  force  draws  it  from  B  to  ß 
along  Bß.  So  that  in  the  parallelogram  BFDß 
it  traverfes  the  diagonal  BD.  And  thus  in  the 
fingle  time  it  has  defcribed  the  fur  face  ACB; 
in  the  double,  the  furfaces  ACB  and  BCD. 


But  the  furface  BCD  is  equal  to  the  furface 
ACB.  For  both  the  triangles  ACB  and  B C h 
have  equal  bales  AB  and  B A  and  on  account 
of  the  common  vertex,  through  which  a  line 
dCe  parallel  to  the  bale  may  be  drawn,  equal 
heights.  But  the  triangle  BCD  is  alfo  equal  to 


the  triangle  BCA  For,  both  thefe  triangles- 
are  contained  between  one  and  the  fame  parallel 
lines  BC  and  bD,  and  have  one  and  the  fame 
bafe  BC.  Now  as  the  triangle  ACB  =  BCb, 
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A CB.  And  thus  ACB  +  BCD  =  2  ACE, 
And  therefore  the  furface  ACB,  defcribed  in  a 
fingle  time,  is  to  the  furfaces  ACB  and  BCD, 
defcribed  in  a  double  time,  as  the  fingle  time  1 
to  the  double  time  2.  This  manner  of  conclud¬ 
ing  holds  throughout  the  whole  curve  about  the 
point  C.  And  therefore  the  furfaces  or  areas* 
which  a  body  by  means  of  the  central  force  de- 
fcribes  about  a  point,  are  equal  in  equal  times, 

§•  103.  If  the  arches  or  bafes  of  the  furfaces, 
which  a  body  accomplices  by  the  central  force 
in  equal  times,  are  mutually  equal;  the  curve 
along  which  the  body  moves,  is  a  periphery  or 
circumference  of  a  circle,  fig.  8.  plate  II.  The 
furface  ACE  is  equal  to  the  furface  E C L,  and 
the  arch  AE,  to  the  arch  EL.  If  two  equal 
triangles  have  equal  bafes,  they  have  alfo  equal 
heights.  In  the  faid  furfaces  the  heights  are  the 
diftances  from  the  centre.  If  a  line  carried 
round  a  point  may  be  divided  into  arches,  all 
of  them  equidiftant  from  the  centre,  it  is  a  cir¬ 
cular  line. 

As  the  bafes  of  the  furfaces,  which  a  body 
revolving  in  a  circle  defcribes  in  equal  times, 
are  mutually  equal ;  it  moves  on  in  its  circular 
courfe,  which  it  accomplishes  by  means  of  the 
central  force,  at  ad  times  equally  quick,  or  in  an 
uniform  manner. 
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From  this  it  appears,  that  the  central  forced 
which  retain  a  body  in  the  circumference  of  a 
circle,  are  throughout  equally  intenfe  therein, 

§.  104.  But  if  a  body  moves  in  an  ellipfis,  its 
velocity  is  variable,  fig.  11.  plate  II.  An  ellipfis 
or  oval  is  generated  as  follows :  Draw  a  right 
line  A  a,  whofe  centre  is  C,  and  at  equal  dis¬ 
tances  therefrom  mark  both  the  points  F  and  /. 
Take  a  thread  FG/,  in  length  equal  to  the  line 
AC and  by  its  ends  fallen  it  down  in  the 
points  F  and  /.  Extend  the  thread  with  an  in¬ 
strument,  with  which  a  line  may  be  defcribed, 
and  therewith  defcribe  about  both  the  points  F 
and  /  the  curve  AG^A,  which  at  kit  returns* 
into  itfelf.  Both  the  points  F  and  /  are  called 
the  foci.  The  focus  F  is  that  to  which  the  cen¬ 
tripetal  force  of  the  moving  body  is  conftantly 
directed.  The  other  /  is  confidered  as  a  point 
•to  which  no  force  is  diredted.  T  hrough  the 
centre  C  draw  a  right  line  B b,  interfering  the 
line  AC <2  at  right  angles.  Both  lines vare  called' 
the  axes  of  the  ellipfis,  AC  a  the  greater  or 
tranfverfe,  and  BC^  the  lefs  or  conjugate,-  The 
right  line  FG,  in  which  the  body  is  drawn  by 
the  centripetal  force  towards  the  focus  F,  is- 
called  the  radius  vcdior.  Suppofing.  the  furfaccs 
aFc  and  AFJ  to  be  mutually  equal;  if  now 
the  body  is  impelled  by  the  central  forces,  it 
defcribes  them  in  equal  times,  §.  102.-  And 

there- 
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Therefore,  the  time  in  which  it  runs  over  the 
arch  aCj  is  as  long  as  the  time  in  which  it  finifhes 
the  arch  d A.  But  ac  is  lefs  than  d A.  And 
thus  it  moves  flower  through  ac  than  through 
if  A,  §.  27.  The  motion  in  the  ellipfis  is  thus 
variable,  or  one  time  quicker  than  another. 

§.  105.  In  a  the  body  is  at  the  greatdl  did 
tance  from  the  focus  F,  but  in  A  at  the  leaf!:. 
And  thus  a  body  which  is  carried  in  an  ellipfis  . 
by  central  forces,  moves  flowed:  in  its  greateft 
diflance  from  the  focus,  and  quickeft  in  its  leaft : 
And  from  its  greater  diflance  its  velocity  is  flill 
increafing,  the  nearer  it  approaches  in  its  orbit 
to  the  focus;  and  from  its  lead  diflance  ever 
decreafing,  the  farther  the  body  in  its  orbit  re* 
cedes  from  the  focus. 

On  the  middle  of  the  moveable  fheeve,  in  the 
machine  for  the  central  forces,  pillars  are  fatten¬ 
ed,  fig.  8.  plate  XIII,  To  fuch  a  pillar  a  radius 
vedlor  is  fcrewed,  which  is  a  fquare  well  po* 
lifhed  rod  of  iron.  On  this  rod  a  brafs  curfor  b 
is  ftuck,  which  very  eaflly  moves  to  and  fro  on 
the  rod.  To  the  under  part  of  the  curfor  on  a 
fmall  round  pillar  flicks  a  moveable  brafs  whirl. 
At  this  whirl  is  a  fmall  hollow  pillar,  admitting 
into  it  a  lead  pencil.  In  the  fmall  pillar  is  a 
fpring,  which  pufhes  back  the  pencil  when  prefled 
upwards,  and  when  the  preflion  ceafes.  Round 
the  pillars  over  the  moveable  fheeve  on  the  ta¬ 
ll  3  hk 
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ble  of  the  machine  move  large  fheeves  of  wood 
bdey  done  over  with  oil-colour,  and  with  their 
feet  are  fcrewed  on  the  furface  of  the  table.  On 
one  of  thefe  fheeves  to  the  left  a  brafs  pillar  is 
fcrewed,  at  which  is  a  whirl  /  placed  horizontal 
and  eafily  moveable.  The  place  of  this  pillar  is 
to  be  confidered  as  a  focus ;  and  the  place  of  the 
.other  pillar  c  with  its  moveable  whirl,  juft  on 
.  the  middle  of  the  moveable  fheeve,  is  the  other 
focus.  Round  the  three  whirls  c ,  /,  a  firing 
goes;  which  is  ftretched,  fo  the  curfor  at  the 
radius  vedtor  is  drawn  out  fo  far,  as  the  firing 
drawn  about  the  three  whirls  permits:  And  if 
the  wheel  at  the  machine  is  turned,  the  curfor 
has  a  centrifugal  force  at  the  radius  vedlor,  and 
with  its  lead  pencil  defcribes  an  ellipfis  on  the 
immoveable  fheeve. 

To  the  pillar  on  the  other  moveable  fheeve  to 
the  right,  there  is  alfo  fcrewed  a  fquare  rod  of 
brafs  abc.  At  the  end  r,  where  this  rod  is 
fcrewed  down,  is  a  watch-fpring  with  a  thread. 
There  is  further  on  the  rod  a  brafs  curfor  with 
a  hollow  pillar,  wherein  lodge  a  fpring  and  a 
.lead-pencil.  At  this  curfor  the  thread  of  the 
watch-fpring  is  faftened.  The  watch-fpring  is 
fo  flout,  that  the  curfor,  which  may  be  pulled 
forwards  on  the  rod,  goes  back  to  the  fpring  fo 
loon  as  the  curfor  is  let  go.  If  now  the  wheel 
at  the  machine  is  turned,  this  curfor  acquires  a 

centrT 
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centrifugal  force,  and  continues  ever  receding 
farther  from  the  pillar,  and  by  this  means  de- 
fcribes  a  fpiral  line  with  its  lead  pencil  on  the 
fheeve  edb\  and  at  length  when  unable  to  go 
farther,  and  the  wheel  continues  moving,  a  cir¬ 
cular  line. 

§.  106.  The  quantity  of  the  central  force, 
whereby  an  infinitely  ifnall  arch  A  B  is  defcrib- 
ed,  is  eftimated  by  the  length  of  the  line  DE, 
parallel  to  the  perpendicular  AC,  fig.  8.  plate  II. 

The  time  in  which  the  arch  AE  is  defcribed, 
you  may  call  T.  Were  the  body  impelled  by 
the  centrifugal  force  alone;  in  the  time  T  it 
would  come  to  the  point  D,  from  which  let  fall, 
on  the  extremity  of  the  arch  AE,  the  line  DE 
Handing  perpendicular  on  ADK,  or  parallel 
with  AC.  So  that  the  length  -of  the  line  DE  is 
the  ipace,  along  which  the  centrifugal  force 
would  have  removed  the  body  in  the  time  T 
from  the  centre.  And  thus  the  length  of  this 
line  DE  expreifes  the  quantity  of  the  centrifugal 
force.  But  as  the  centripetal  force  conflantly 
draws  the  body  from  the  right  line  AD  to  the 
centre,  §.  ioo;  the  body  defcribes  the  arch  AE, 
and  in  the  time  T  comes  to  the  point  E,  from 
which  the  perpendicular  ED  is  drawn  on  ADK 
So  far  therefore  as  the  centrifugal  force  alone 
would  have  removed  the  body  from  the  centre 
C,  fo  much  the  nearer  has  the  centripetal  brought 

it 
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it  thereto.  And  thus  in  like  manner  may  the 

\  • 

quantity  of  the  centripetal  force  be  exprefled  by 
the  length  of  the  line  DE. 

As  the  body  in  the  time  T,  in  which  it  might 
be  brought  by  the  centrifugal  force  alone  to  D, 
approaches  to  the  centre  by  means  of  the  centri¬ 
petal  about  the  quantity  of  the  line  D  E  :  It  is  all 
one,  as  if  fallen  from  D  to  E  by  virtue  of  the 
gravity.  As  the  time  T,  in  which  the  infinitely 
Em  all  arch  AE  is  defcribed,  is  uncommonly 
fmall  *,  fo  the  central  force  undergoes  no  change 
in  its  quantity  all  this  time.  And  thus  the  body 
approaches  to  its  path  in  about  the  line  DE,  ac¬ 
cording  to  the  very  laws,  by  which  heavy  bodies 
fall  through  a  free  fpace,  where  the  gravity  is 
weakened  by  nothing. 

§.  107.  As  therefore  both  central  forces, 
whereby  a  body  revolves  round  a  point,  have 
one  and  the  fame  meafure;  fo  they  are  mutually 

equal. 

1.  In  a  circle,  the  quantity  of  the  line,  by 
which  as  well  the  centripetal  ' as  centrifugal  force 
is  meafured,  is  found  on  dividing  the  fquare  of 
the  infinitely  fmall  arch  AE,  which  the  body 
compleats  in  a  certain  time,  by  the  diameter 
AB  of  the  circle,  fig.  8.  plate  II.  In  the  parak 
lelogram  AGED  the  line  AG  is  equal  to  the 
line  ED.  And  thus  AG  exprefles  the  quantity 
of  the  centripetal  force.  As  the  line  G  E  is  the 

fine 
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fine  of  the  arch  A  E,  it  fiands  perpendicular  on 
the  diameter  A  B,  and  is  thus  the  mean  propor¬ 
tional  between  BG  and  G  A,  as  fVolfius  fhews  it} 
his  Elemente*  Geometric,  §.  327.  So  that  BG  : 
GE  :  :  GE  :  GA.  As  the  arch  AE  in  refpedfc 
to  the  entire  curve  is  confidered  as  infinitely 
final] ;  it  differs  fo  little  from  its  fine  G  E,  that 
you  may  take  it  for  the  fine.  And  thus  BG: 
AE  :  :  AE  :  GA,  Now,  5tis  true,  BG  is  un** 
known,  as  you  feek  the  line  AG,  and  confe- 
quently  not  yet  known.  But  as  G  A  is  fo  final! 
a  part  of  the  whole  diameter  BA,  as  that  BA 
may  be  taken  for  BG;  fo  is  B  A  :  AE  :  :  AE: 


GA.  If  therefore  AE  be  multiplied  by  AE, 
that  is,  the  arch  AE  fquared,  and  this  fquare 
divided  by  the  diameter  BA;  the  quotient  fhews 
the  quantity  of  the  line  G  A,  and  confequently 
as  well  of  the  centripetal  as  of  the  centrifugal 
force  ED.  And  thus  we  may  fay  G  A,  or  the 


central  force  is 


A  E  x  A  E 
BA 


AE1 

or  - - 

BA 


As 


fuppofe  the  diameter  BA  =  ioooooo,  and  the 
periphery  —  3140000  feet;  the  periphery  to  be 
deferibed  in  1000  minutes,  and  the  arch  AE  in 
one  minute.  And  thus  dividing  the  periphery 
by  1000  minutes,  the  arch  AE  which  is  com- 
pleated  in  a  minute,  is  =  3140  feet.  The 
fquare  of  which  is  =  9859600,  which  divided 
by  the  diameter  ioooooo;  the  line  AG  or  DE 
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is  above  nine  feet.  And  thus  fo  many  feet  is, 
the  body  brought  nigher  the  centre  C  in  a  mi» 
nute  by  the  centripetal  force,  in  which  the  cen~ 
trifugal  feeks  to  remove  it  fo  many  feet  from 
the  centre. 

2.  The  arch  AE  exprelfes  the  celerity  of  the 
body,  §.  9.  And  thus  the  central  force  of  a 
body  moving  in  a  circle,  is  the  quotient  arifing 
on  dividing  the  fquare  of  the  velocity  by  the  di¬ 
ameter  of  the  circle.  Call  the  celerity  C.  And 
thus  putting  the  fquare  of  the  celerity  C2,  for 
the  fquare  of  the  arch  AE\  The  central  force 


is  = 


BA 


3.  If  therefore  two  bodies  of  equal  mafies 
move  on  uniformly  in  unequal  circular  periphe¬ 
ries  ABF  and  GHI,  fig.  8.  plate  II.  the  central 
force  in  the  greater  periphery  is  to  that  in  the 
lefs,  as  the  quotient  arifing  from  dividing  the 
fquare  of  the  velocity  in  the  greater  circle  by  its 
diameter  BA,  to  the  quotient  arifing  by  dividing 
the  fquare  of  the  velocity  in  the  lefs  circle  by  its 

.  ca 

diameter  N  G.  The  firfi:  quotient  is  = 

Call  the  celerity  in  the  lefs  periphery  c,  and  the 


fecond  quotient  will  be 


NG* 


And  therefore 


the  central  force  in  the  greater  periphery,  is  to 

Cz  cx 

that  in  the  lefs,  as 


BA  t0  N  G' 


§ 
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§.  108.  From  this  it  follows,  that  the,  central 
force  in  the  greater  periphery  is  to  that  in  the 
lels,  as  the  quotient,  on  dividing  the  radius 
CA  by  the  fquare  of  the  periodical  time  in  the 
greater  circle,  to  the  quotient,  on  dividing  the 
radius  CG  by  the  fquare  of  the  periodical  time 
in  the  lefs  circle.  Call  the  fquare  of  the  perio¬ 
dical  time  in  the  greater  circle  T%  and  the 
fquare  of  the  periodical  time  in  the  lefs  tT  And 
thus  the  propofition  may  be  expreffed  as  fol¬ 
lows:  The  central  force  in  the  greater  periphery 

is  to  that  in  the  lefs  as  to  The  de- 

JL  & 

i 

monftration  is  as  follows. 

The  velocity  in  the  greater  periphery  is  to 
that  in  the  lefs,  as  the  quotient  arifing  on  divid¬ 
ing  the  greater  periphery  by  its  periodical  time, 
to  the  quotient  from  dividing  the  lefs  periphery 
by  its  periodical  time.  For  each  periphery,  as 
a  fpace,  through  which  the  bodies  run,  is  a 
produft  arifing  from  the  time  and  velocity,  as 
its  factors,  §.  29.  If  therefore  a  periphery  is 
divided  by  the  time,  the  quotient  denotes  the 
velocity.  Call  the  greater  periphery  P,  and  its 
velocity  C  j  and  the  lefs  and  its  velocity  c : 

p 

And  thus  C  :  c  :  :  77;  •  -*  The  peripheries  or 

I  i 

circles  are  to  each  other  as  their  radii.  Now 
calling  the  radius  of  the  greater  R,  and  that  oi 
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the  lefs  r,  you  may  iubftitute  R  and  r  for  P  and 


R 


pa  Confequently  C  :  c  :  :  ~  :  y  And  thus 

R  r 

you  may  take  —  and  -  for  the  celerities  of  the 

greater  and  lefs  peripheries.  Now  the  central 
forces  in  both  peripheries  are  to  each  other,  as 
the  quotients,  on  dividing  the  fquares  of  their 
velocities  by  the  diameter  of  the  circle ;  namely, 
Cz  cz 

as  §,  107,  n.  3.  But  the  diameters 

are  to  each  other,  as  the  radii;  that  is,  BA  : 

Cz  cz 

ng  y°u 


N  G  :  :  R  :  r.  And  thus  for 


BA 


may  fubftitute 


C1  c*  XT  Cz  c*  _ 

—  :  -•  Now  —  :  —  :  :  C  r: 

C2,  cz 

cz  R.  For  we  may  confider  -=-  :  —  as  fractions, 

J  R  r 

And  if  in  each  the  numerator  is  multiplied  by 
the  denominator  of  the  other,  the  produdts  arif- 
ing  are  to  each  other  as  the  fractions.  And  thus 
the  central  force  in  the  greater  periphery  is  to 
that  in  the  lefs,  as  C2  r  :  cx  R.  As  the  ratio  of 
the  celereties,  C  :  r,  may  be  exchanged  for  the 
R  r  • 

ratio  of  =  :  —  *  you  may  fubftitute  for  the  ratio 
of  the  fquares  of  the  velocities,  C2  :  r2,  the  ra- 


R: 


*— And  therefore  for 

tz 


R 


tio  of  the  fquares 

C2  r  :  r2  R  may  be  fubftituted  So 

4  that 


V» 
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that  the  central  force  in  the  greater  periphery  is 

to  that  in  the  lefs,  as  ^  If  in  thefe 

fra&ions  the  numerators  be  divided  by  one  and 
the  fame  quantity  R  r  -9  the  central  forces  are  to 

R  r 

each  other,  as  ^  ~ .  Now  the  radius  in  the 

greater  periphery  is  =  C  A,  and  that  in  the  lefs 
=  CG.  So  that  the  central  force  in  the  greater 

periphery  is  to  that  in  the  lefs,  as  . 

Tz  t% 

§.  109.  If  the  fquares  of  the  periodical  times, 

in  which  two  bodies  of  equal  mafles  run  over 

their  peripheries,  are  to  each  other,  as  the  cubes 

of  their  diftances  from  the  centre;  the  central 

force  in  the  greater  periphery  is  to  that  in  the 

lefs,  inverfely  as  the  fquare  of  the  lefs  diftance 

to  that  of  the  greater,  fig.  8.  plate  II.  in  the 

greater  periphery  ABF,  call  the  fquare  of  the 

periodical  time  T%  and  in  the  lefs,  and  call 

the  cube  of  the  diftance  in  the  greater  periphery 

CA3,  and  the  cube  of  the  diftance  in  the  lefs 

CG3.  And  this  condition  of  the  ratio  of  the 

central  forces  is  thus  exprefied:  T1  :  t'  :  : 

CA3  :  CG3.  Now  the  central  force  in  the 

greater  periphery  ABF,  is  to  that  in  the  lefs 

y~>-i.TT  CA  CG  .  „ 

GNI,  as  Ti-  :  — ,  108.  As  T *  :  t%  ;  : 

CA‘  :  CG3;  for  the  denominators  T*  and  /* 
you  may  fubftitute  the  quantities  CA3  and 

CG3. 


/ 
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CG3.  And  therefore  the  central  force  in  the 
greater  periphery,  is  to  that  in  the  lefs,  as 

And  dividing  the  iirft  fraction  by 

vA  vvj 

^  ,  t  r  J  r  CA  CG 

CA,  and  the  fecond  by  CGj  ^  :  : 

.  And  two  fradtions  having  the  fame 
CA2,  CG2  ° 

numerator i  the  firft  is  to  the  fecond,  as  the  de- 

( 

nominator  of  the  fecond  to  the  denominator  of 

the  firft.  And  thus  777-  :  — -  :  :  CG2  :  CA1. 

CA*  CG2 

So  that  the  central  force  in  the  greater  peri¬ 
phery  is  to  that  in  the  lefs,  as  CG"  :  CA2,  or 
the  fquare  of  the  diftance  from  the  centre  in  the 
lefs  periphery  to  the  fquare  of  the  diftance  in  the 
greater. 

If  the  bodies  have  unequal  mafies,  the  central 
force  of  the  body  in  the  greater  periphery,  is  to 
the  central  force  of  the  body  in  the  lefs,  as  the 
product  of  the  mafs  of  the  body  in  the  greater 
periphery,  and  the  fquare  of  the  lefs  diftance 
from  the  centre,  to  the.  product  of  the  mafs  of 
the  body  in  the  lefs  periphery,  and  the  fquare 
of  the  greater  diftance.  Or  fay,  the  central 

forces  of  thefe  bodies  are  to  each  other  in  the 

* 

compound  ratio  of  the  direct:  ratio  of  the  maftes 
and  inverle  ratio  of  the  fquares  of  the  diftances 
from  the  centre. 

§• 
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§.  i  io.  If  a  body  moves  uniformly  in  the  pe¬ 
riphery  of  a  circle ;  the  queftion  is,  what  is  the 
ratio  of  the  centrifugal  force,  arifing  thereby  in 
the  body  to  its  gravity?  We  are  then  to  confider 
its  velocity,  which  if  equal  to  what  it  would 
have  on  falling  through  a  certain  height,  its 
centrifugal  force  is  to  its  gravity,  as  the  double 
height  of  the  fall  to  the  radius  of  the  circle* 
i.  The  velocity  which  a  falling  body  acquires 
in  the  beginning  of  its  fall  through  a  certain 
height,  is  with  us  fuch,  as  that  with  it  in  a  time, 
equal  to  that  at  the  end  of  the  fall,  it  might  run 
over  a  fpace  twice  as  great  as  the  height  of  its 
fall,  fo  it  move  uniformly,  fig.  5.  plate  XIIL 
call  the  height  of  the  fall  CD.  If  the  body  in 
the  inflant  it  reaches  the  point  D,  gains  fuch  a 
dire&ion,  as  to  be  able  to  continue  its  courfe  in 
the  horizontal  line  DE;  its  motion  will  be  no 
longer  accelerated,  but  become  uniform.  But 
it  is  fo  quick,  that  the  body  in  the  time  in  which 
it  has  fallen  through  CD,  defcribes  the  line  DE 
twice  as  great.  A  body  may  come  out  of  a 
perpendicular  into  an  horizontal  direction,  if, 
for  mfhnce,  it  runs  down  from  A  along  a  curve 
furface  AC.  For,  reaching  the  point  C,  it  is 
all  one  as  if  fallen  from  A  to  B,  or  from  C  to 
D,  as  AB  is  =CD.  As  it  cannot  fall  perpen¬ 
dicular  from  C,  it  will  be  impelled  by  the  force 
it  has  gained  in  the  fall,  along  the  horizontal 

line 
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line  CF,  equal  to  DE.  It  proceeds  not,  indeed* 
a  great  way  therein,  as  by  the  gravity  it  finks 
towards  the  line  DE.  And  thus  its  motion  is 
compounded,  §.  13.  and  it  defcribes  a  parabolic 
line,  and  comes  in  the  time  it  fpent  in  the  fall 
through  AB  to  E,  §.  48.  But  fo  that  it  finifhes 
the  fpace  DE,  which  is  equal  to  the  fpace  CF, 
and  twice  as  great  as  CD  or  AB.  The  line  CD 
may  be  fifteen  Paris  feet.  So  far  a  body  falls 
with  us  in  the  firft  fecond  of  its  fall,  §.  34.  The 
line  DE  may  be  thirty  feet,  and  therefore  its 
velocity  in  D  is  fo  great,  as  therewith  in  the 
following  fecond  to  be  able  to  run  over  thirty 
feet. 

2.  With  the  velocity,  which  the  body  would 
acquire  when  fallen  through  the  height  CD,  it 
may  move  over  the  arch  AE,  fig.  8.  plate  II. 
The  fpace  of  this  arch  AE  may  be  equal  to  the 
fpace  of  the  height  CD.  And  thus  the  body 
finifhes  the  arch  AE  in  half  the  time,  it  would 
require  to  its  fall  through  CD.  And  therefore 
the  time  fpent  along  the  arch  AE,  is  to  that 
along  the  height  CD,  as  1  to  2,  or  as  A E  to 
2  CD.  The  time  i,  or  AE  may  be  called  the 
Angle,  and  the  time  2,  or  2  CD  the  double. 
Now  as  the  body  in  the  Angle  times  moves 
over  the  archAE;  the  quefticn  is,  how  far  it 
might  fall  by  its  weight  in  this  Angle  time?  As 
he  fquare  of  the  double  time  is  to  the  fquare  of 

the 
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the  fingle;  fo  the  fpace  of  a  falling  body  in  the 
double  time  to  its  fpace  in  the  fingle,  §.  34. 
The  fpace  in  the  double  time  is  CD,  and  call¬ 
ing  the  ftill  unknown  fpace  in  the  fingle  x,  there¬ 
fore. 

4  CD*  :  AE2  :  :  CD  :  x. 

The  fourth  proportional  you  find  on  multi¬ 
plying  the  fecond  by  the  third,  and  dividing 
that  product  by  the  firft.  And  thus  AE1  x 

CD  ™  4  C D 2  =  x,  the  fpace  in  the,  fingle 

time.  If  both  the  quantities  AE1  x  CD,  and 
4  CD2  are  divided  by  the  quantity  CD;  there 
arife  the  quantities  AE2  and  4  CD,  which  are 
alfo  to  each  other,  as  AE2  x  CD  :  4CD1, 

And  thus  AE1  -  4  CD  is  =  x  the  fpace, 

through  which  the  body  might  fall  in  the  fingle 
time,  in  which  it  runs  over  the  arch  AE.  This 


fpace  AE2  —  4  CD  therefore  denotes  the  quan¬ 
tity  of  the  gravity  of  the  body  moving  along 
the  arch  AE.  Its  centripetal  force  is  AE* 


BA,  §.  107.  n.  1.  And  thus  the  centrifugal 
force  of  the  moving  body  Is  to  its  gravity,  as 


A  E ' “  —  B  A  to  A  E 1  -4  C  D,  or  Af  to  A'-;' 

Thefe  twro  quantities  are  to  be  confidered  as 
fradlions,  having  the  fame  numerator.  And  if 
there  are  two  fuch  fractions,  the  firft  is  to  the 
Vo l,  I.  I  fecond. 
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fecond,  inverfely  as  the  denominator  of  the  fe- 
cond  to  the  denominator  of  the  firft.  And  thus 
the  centrifugal  force  of  the  body  is  to  its  gravi¬ 
ty,  as  4  CD  to  BA.  Now  4  CD  is  the  qua¬ 
druple  height,  and  B  A  the  entire  diameter.  If 
both  wholes  are  halved  5  the  centrifugal  force  is 
to  the  gravity,  as  the  double  height  to  the  femi- 
diameter *,  that  is,  as  2  CD  to  C  A.  As  for  in* 
fiance,  if  the  femidiameter  of  a  circle  be  three 
feet,  and  a  body  moves  in  its  periphery  with  the 
velocity,  which  it  might  acquire  by  the  fall 
through  fifteen  feet  high,  its  centrifugal  force 
hereby  arifing  would  be  to  its  gravity,  as  thirty 
to  three,  that  is,  as  ten  to  one,  or  ten  times  the 
gravity. 

3.  If  the  height  by  the  fall  through  which  a 
body  might  acquire  the  velocity,  with  which  it 
moves  in  the  periphery  of  a  circle,  be  only  equal 
£0  the  half  radius  of  the  circle,  the  centrifugal 
force  is  equal  to  the  gravity.  For  thus  the 
double  height  is  equal  to  the  radius.  And  thus 
the  centrifugal  force  is  to  the  gravity,  as  the 
radius  to  the  radius.  If,  for  inftance,  the  height 
of  the  fall  =  3,  and  the  radius  =  6  feet, 
the  double  height  6  ==  radius  6,  fig.  4.  plate 
XIII.  If  in  a  vefifel,  which  is  fattened  at  a  ver¬ 
tical  Iheeve  D  AU  at  U,  and  open  towards  D, 
and  remaining  fo,  there  is  water,  or  a  ball;  the 
vefifel  with  the  iheeve  may  be  turned  round, 

with- 
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without  either  the  water  or  the  ball  falling  out, 
fo  only  the  velocity  of  the  circular  motion  be  fo 
great,  as  that  the  centrifugal  force  be  either 
greater,  or  at  leaft  as  great  as  the  gravity  of  the 
body  in  the  vefiel,  and  confequently,  that  it 
prefs  againft  the  bottom  of  the  inverted  vefiel 

either  ftronger  than,  or  at  leaf!:  as  ftrong  as  the 

# 

bodies  by  their  gravity  tend  to  recede  therefrom. 

4.  If  therefore  the  centrifugal  force  of  a  body 
moving  in  the  periphery  of  a  circle  be  equal  to 
its  gravity;  the  velocity  of  its  circular  motion  is 
equal  to  the  velocity  which  it  would  have  gained, 
had  it  fallen  a  height  equal  to  the  half  radius. 

5.  And  thus  the  time  of  the  revolution 
through  the  entire  periphery  is  to  the  time  of 
the  defcent  through  the  half  radius,  as  the  peri¬ 
phery  is  to  the  radius.  For,  the  velocity  in  the 
periphery  is  equal  to  the  velocity  of  the  fäll 
through  the  half  radius,  as  was  juft  fliewn.  But 
if  two  bodies  move  uniformly  with  one  and  the 
fame  velocity,  the  fpaces  which  they  accomplifh, 
are  to  each  other  as  the  times.  If,  for  inftance, 
a  body  A  in  fix  feconds  runs  over  fix  feet,  and 
another  B  with  an  equal  velocity  only  one  foot  ; 
B  accompliihes  its  fpace  in  one  fecond.  And 
thus  as  fix  feconds  to  one  fecond,  fo  fix  feet  to 
one  foot. 
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The  Doctrine  of  Fluids. 


PART.  I. 


Of  the  A  i  r. 

* 

C  H  A  P.  L 


Of  the  Air  and  Air-pump. 


§.  hi.  rF\HE  air  is  that  invifible  and  cori- 
JL  ftantly  fluid  matter,  in  and  above 
our  earth,  which  we  feel  on  the  face,  on  moving 


againd  it  a  flat  hand  at  fome  diftance,  with  a 
certain  degree  of  quicknefs. 

§.  1 1 2.  The  machine,  by  means  of  which  the 
air  may  be  taken  out  of  vefTels  or  receivers,  is 
called  an  air-pump.  The  inventor  of  which  was 
Otto  Guericke ,  burgomafter  in  Magdeburg ,  who 
exhibited  the  fir  ft  public  experiments  therewith 
in  1654  at  Ratißjcn,  before  the  emperor  Ferdi¬ 


nand  III,  his  Ion  Ferdinand  IV.  king  of  the  Ro¬ 
mans  ^  and  lever al  debtors  and  ambafiadors  to 
their  very  great  aftonifhment.  Guericke  himfelf 
deferibed  and  publilhed  his  dilcoveries,  made 
with  the  air-pump,  firft  in  1672,  under  the  fol¬ 
io  win 


cr 
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lowing  title;  Experiment*}  nova  Magdeburgica ; 
Cafpar  Schottus ,  the  then  profeffor  of  mathema- 
ticks  at  Wurtzburg ,  having  already  publilhed 
them  to  the  world  in  1657,  in  his  Mechanica  hy- 
dr aiili co -pneumatic a ,  and  in  1664  in  his  Technica 
curiofa. 

An  air-pump  confifls  of  a  hollow  tube  or  cy¬ 
linder  of  metal  internally  polifhed;  in  which,  by 
means  of  a  rod,  a  leather  piflon,  which  fits  ex¬ 
actly  the  internal  furface  of  the  tube,  may  be 
moved  back  and  fore.  If  to  the  end  of  the  tube 
a  veffel  be  fo  applied,  as  that  between  the  vefTei 
and  tube  no  air  can  infinuate  into  the  tube;  and 
the  piflon  which  reaches  home  to  that  end,  be 
drawn  towards  the  other  end ;  there  will  be  pro¬ 
duced  a  fpace  void  of  air,  or  a  vacuum  in  the 
tube,  into  which  the  air  from  the  veffel  forces. 
But  farther,  the  tube  muff  be  fo  ordered,  that 

the  air  which  has  forced  in  from  the  veffel  into 

* 

the  empty  fpace,  may  have  the  communication 
cut  oh'  with  the  air  füll  in  die  veffel,  and  be 
difoharged  the  tube.  And  this  may  be  done  as 
well  by  a  valve  as  by  a  cock.  Guericke  devifed 
two  forts  of  air-pumps,  and  both  of  them  with 
valves.  In  the  firft,  which  has  an  oblique  poii- 
tion,  the  rod,  at  which  is  the  piflon,  was  drawn 
with  two  ropes.  The  other  flood  vertical,  and 
the  piflon  was  worked  up  and  down  by  a  leaver. 
Schottus  deforibes  the  firfl  in  his  technic  a*,  lib.  L 
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c.  x;  and  the  other  lib.  i.  c.  26.  exhibiting  both 
with  their  feveral  parts  and  the  manner  of  put¬ 
ting  them  together,  on  copper  plates.  Both  air- 
pumps  flood  in  water,  in  order  to  fee u re  tube 
and  veffel  againft  the  ingrefs  of  the  external  air. 
Next,  Mr.  Boyle  in  England  fo  ordered  the  air- 
pump,  as  to  fuperfede  the  ufe  of  water,  for 
warding  off  the  external  air.  He  placed  the 
tube  vertical  on  a  foot-frame,  fattening  at  the 
pifton  an  iron  rod  with  teeth,  and  furnifhed  with 
a  ftar-wheel  and  crank  or  winch;  with  which, 
in  the  manner  of  the  carriers  jack,  the  pi  Aon 
might  be  wound  or  worked  up  and  down.  This 
air-pump  he  deferibes  in  his  New  Experiments  on 
the  Elafticity  of  Air-,  and  Schott  us  in  his  Eechnica, 
lib.  ii.  This  method  of  Mr.  Boyle  was  at  length 
changed  to  another,  in  which  a  ftirrup  was  made 
to  the  rod  of  the  pifton,  in  which  a  perfon  might 
tread  with  one  foot,  in  order  to  pull  down  the 
pifton  in  the  vertical  tube,  and  form  an  empty 
fpace  or  vacuum.  To  the  rod  at  the  fame  time 
a  handle  was  fattened,  with  which  the  pifton 
might  be  pyfhed  up  or  drawn  again.  And  at 
length  the  abbe  Nollet  carried  this  pump  to  a 
peculiar  degree  of  perfe&ion.  Its  principal  parts 
he  deferibes  in  his  Lefons  de  Phyßque  Experimen¬ 
tale,  1 ,  III.  Lefon  X.  Experiment  I.  exhibiting 
it  as  put  together  plate  I.  To  this  air-pump  at 
the  fame  time  he  applied  an  apparatus  with  a 
4  wheel. 
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wheel,  with  which  in  vacuo  a  circular  motion 
is  performable.  This  apparatus  is*  delcribed  Le- 
fon  X.  Experiment  XIII.  and  reprefented  plate  V, 
Sengwerdus  a  profefifor  in  Leyden ,  in  1697,  caufed 
to  make  an  air-pump,  with  a  cock  inftead  of  a 
valve  in  its  tube,  and  in  which  the  pifton  might 
be  worked  out  and  in  by  a  wheel  and  crofs* 
The  tube  might  be  as  well  oblique  as  horizon¬ 
tal.  Baron  Wolfius  in  his  Experiments ,  P.  L 
§.  69 — 79,  gives  a  particular  defcription  of  it. 
Mr.  Hawkfljee  made  air-pumps  with  two  cylin¬ 
ders  or  barrels.  The  late  Mr.  Leupold  of  Lipfick 
had  made  fuch  another  of  his  own  deviling, 
without  having  ever  feen  either  Hazvkßee’s  air- 
pump  or  a  drawing  of  it.  He  defcribes  it  in  his 
fecond  continuation  of  the  treatife  on  the  air- 
pump.  As  well  the  cylinder  or  barrel,  as  the 
pifton  has  valves  belows  fig.  if  plate  XIV. 
Both  barrels  A  and  B  communicate  by  a  hori¬ 
zontal  tube  CD,  which  has  a  cock  IL.  From 
the  horizontal  tube  CD  another  tube  EF  goes 
in  the  intermediate  fpace  between  the  barrels  up 
to  the  horizontal  plate  LM  of  the  air-pump. 
And  thus  along  this  tube  the  air  forces  out  of 
the  vefiel  or  receiver  on  the  plate  into  the  hori¬ 
zontal  pipe  CD,  and  out  of  this  through  a  valve 
in  the  barrel  A,  in  which  the  pifton  is  drawn  up. 
And  then  on  deprefiing  this  pifton,  the  air  will 
be  comprefted,  and  thereby  obliged  to  feek  vent 

I  4  or 


120 


I  * 

Of  FLUID  BODIES. 

or  iftue  at  the  valve  of  the  pifton.  And  as  this 
pifton  is  deprefied,  that  in  the  other  barrel  B  is 
pulled  up,  and  in  it  a  vacuum  made,  to  which 
a  part  of  the  air,  ftill  remaining  in  the  vefiel  on 
the  plate,  takes  its  way.  The  horizontal  tube 
CD  lies  in  a  brafs  box,  at  whofe  ends  the  barrels 
ftand,  and  which  is  filled  with  water.  Above 
the  pifton  there  is  alio  water :  And  hence  pro¬ 
ceeds  the  fwafhing  noife  to  be  heard  therein, 
when  the  air  is  prefted  out  of  the  barrels  through 
the  valves  of  the  pifton  into  the  water.  The 
water  comes  to  be  neceftary  on  account  of  the 
valves,  as  being  of  bladder.  The  rods  of  the 
valves  are  ftuck  in  an  iron  leaver  or  fwing, 
which  in  the  middle  is  fattened  at  a  roller  N, 
and  may  be  worked  by  another  and  longer,  or 
a  double  leaver  HI.  In  the  tube  EF,  which 
goes  up  from  the  horizontal  tube  between  the 
barrels  to  the  plate  of  the  air-pump,  a  little  be¬ 
low  the  long  leaver  is  a  round  hole  G,  in  which 
a  polifhed  ftopple  of  brafs  is  ftuck;  on  pulling 
which  out,  air  goes  again  into  the  exhaufted 
vefiel.  The  bladders,  of  which  the  valves  be¬ 
low  at  the  barrels  confift,  are  firetched  over 
narrow  openings  which  go  into  the  horizontal 
tube.  The  air  which  forces  into  this  tube, 
efcapes  in  each  valve  on  two  Tides,  when  the 
pifton  in  the  barrel  is  pulled  up.  And  again 
on  depreffing  the  pifton,  the  bladder  is  prefted 

clofe 
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clofe  to  the  hole  by  the  air  over  it,  that  the  air 
cannot  go  back.  In  the  piflon  likewife  is  a 
narrow  opening,  and  over  it  a  bladder  ftretched, 
which  on  two  Tides  is  To  cut  out,  that  the  com- 
prefled  air  under  the  piflon  in  the  barrel,  on  be¬ 
ing  deprefied,  may  force  upwards  at  the  two 
Tides  of  the  bladder,  but  not  come  back.  For 
producing  the  circular  motion  in  vacuo,  efpeci- 
ally  in  electrifying,  I  have  caufed  to  make  Nol¬ 
le?  $  apparatus  for  this  air-pump.  In  Grave- 
[ande’s  air-pump  with  two  cylinders,  the  piftons 
are  with  toothed  rods,  moveable  up  and  down 
by  a  wheel.  Profefibr  Mufchenbroeck  has  mi¬ 
nutely  defcribed  this  air-pump.  To  this  de- 
fcription  he  has,  befides,  added  another,  in  which 
he  explains  and  exhibits  a  Tingle  air-pump  of  a 
peculiar  fpecies.  The  defcription  of  both  ma¬ 
chines  is  to  be  found  in  his  Defcription  des  non - 
volles  fortes  de  machines  pneumatiques ,  tant  doubles 
que  fimples  avec  un  recueil  des  plufieurs  experiences , 
que  Von  pent  faire  avec  ces  machines ,  at  the  end  of 
his  EJfai  de  P  by  flaue.  Baron  Wolfius  in  his  Ex¬ 

periments,  Part  I.  §.  139,  deferibes  a  finall  Tingle 
air-pump,  a  Tew  inches  only  in  length,  having  a 
piflon  with  a  valve  of  a  piece  of  bladder;  and  it 
may  be  ufed  with  great  Commodioufnefs  for  difl 
covering  the  force  and  effects  of  the  air. 
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CHAP.  II. 


Of  the  Gravity  and  Elaflicity  of  the  Air. 

•§.  1 13.  AC  H  part  of  the  air  is  heavy, 
JCLf  For,  a  hollow  ball  exhaufled  of  air, 
weighs  lefs  than  when  full  of  air. 

§.  1 14.  In  like  manner,  the  air  is  elaftic.  For, 
it  may  be  compreffed,  and  it  is  fufceptible  of 
expanding  again  to  a  wider  fpace,  on  the  ceafing 
of  the  compreffion.  In  both  thefe  properties 
/  elaflicity  confifls,  §.  51. 

That  the  air  has  a  faculty  of  expanding,  ap¬ 
pears  even  hence,  that  it  forces  into  the  air- 
pump,  fo  foon  as  the  piflon  is  drawn  up.  From 
this  it  is  evident,  that  the  pumping  out  the  air 
properly  confifls  herein  j  namely,  that  in  the  air- 
pump  a  vacuum  is  produced,  in  which  the  air 
by  its  native  force  may  expand  itfelf.  If  the 
piflon  is  pulhed  back  again,  the  air  is  again 
brought  out  of  a  wider  into  a  narrow  fpace. 
The  elaflicity  of  the  air  appears  with  full  evi¬ 
dence,  on  fufpending  a  firm  tied  bladder,  con¬ 
taining  only  a  little  air  in  it  -under  a  glafs  bell, 
and  pumping  out  the  air.  For  fo  foon  as  you 
.  begin  to  pump,  the  bladder  begins  to  heave  or 

fvvell 
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fwell  up  a  little.  The  more  air  goes  out  of  the 
bell  into  the  air-pump,  the  ftronger  will  the 
bladder  be  blown  up.  But  if  air  be  re-admitted 
under  the  bell,  the  bladder  collapfes  or  falls  to¬ 
gether  again.  As  thus  the  fwelling  arifes  from 
the  expanfive  force  of  the  external  air;  fo  its 
falling  together,  from  the  internal  air  being 
prefled  into  a  narrower  fpace  by  the  air  forcing 
from  without  under  the  bell.  If  you  hang  un¬ 
der  the  bell  a  dry  and  fully  blown  bladder,  not 
tied  quite  tight;  it  will  burft  by  the  expanfive 
force  of  the  included  air,  on  pumping  out  the 
external  air  under  the  bell  as  much  as  poflible. 

There  is  a  peculiar  inftrunient  for  comprefling 
the  air,  by  forcing  in  Hill  more  of  it  into  a  de¬ 
terminate  fpace  already  full  of  air.  It  is  called 
the  comprejjing  machine .  It  confifts  of  a  brafs 
tube  AB,  fig.  2.  plate  XIV,  with  a  pifton  and 
rod,  with  a  handle  CD;  by  which  the  pifton 
may  be  pulled  up,  and  again  pufbed  down. 

Above,  at  the  fide  E  of  the  tube  is  a  final] 
hole,  through  which  the  external  goes  in,  on 
pulling  up  the  pifton  above  this  hole.  Below 
again  in  the  tube  at  B  is  an  opening  covered 
with  a  valve;  Now  if  the  air  forced  in  at  the 
upper  hole  be  driven  down ;  this  valve  will  be 
pufhed  up  by  it,  and  the  air  expelled  at  the  tube. 
Back  into  the  tube  it  cannot  go,  as  it  prefles  the 
valve  againft  the  hole.'  This  tube  A  B  is  fcrewed 
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to  a  horizontal  tube  BF,  which  is  joined  with  a 
vertical  tube  FG,  at  whole  upper  end  G  is  a 
fcrew  with  a  cock;  in  order  to  fcrew  thereon 
the  veiTei  into  which  you  would  prefs  the  air. 
Now  if  this  fet  of  tubes  thus  joined  together,  be 
fattened  on  a  wooden  frame,  you  have  a  very 
commodious  compreffing-machine.  Sengwerdus9 s 
air-pump  may  alfo  be  very  well  employed  for 
comprefling.  For,  on  winding  out  the  pitton 
in  the  tube,  and  opening  the  cock,  the  air  fills 
the  whole  tube.  On  hunting  and  turning  the 
cock,  that  the  air  has  free  ad  million  into  the 
veflel,  that  is  fere  wed  down  on  the  plate  of  the 
air-pump,,  you  may  force  it  in,  fo  you  wind 
back  the  pitton. 


CHAP.  III. 


Of  the  Quantity  of  the  Gravity  and 
Elasticity  of  the  Air. 

§.  11 5.  S  the  air  admits  being  compretted, 
fo  the  under  air  is  denfer  than  the 
upper.  A  cubic  foot  of  air  at  the  earth’s  fur- 
face  thus  weighs  more,  than  a  cubic  foot  on  a 

high  mountain.  In  like  manner  a  cubic  foot  of 

*  * 

air  at  the  earth’s  iurface  is  at  one  time  heavier 

than 
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than  at  another;  as  the  air  is  now  charged  with 
much,  again  with  little  vapour.  Commonly  its 
weight  is  eflimated  at  five  hundred  eighty-five 
grains;  four  hundred  and  eighty  of  which  make 
an  ounce  in  apothecary  weight,  JVolfius' s  Experi¬ 
ment ,  P.  I.  §.86. 

§,  116.  The  weight  of  a  column  of  air  from 
the  earth’s  furface  up  to  its  limits  is  equal  to  the 
weight  of  a  column  of  water  of  an  equal  bafe 
therewith,  and  between  thirty-one  and  thirty- 
two  Rkinland  feet  in  height :  Or,  as  the  weight 
of  a  column  of  mercury,  of  an  equal  bafe  with 
that  of  the  column  of  air,  and  about  twenty- 
eight  inches  in  height.  For,  at  the  height  of 
of  betv/een  thirty-one  and  thirty-two  feet  a  co¬ 
lumn  of  water  is  fuftained  by  the  prefiure  of  the 
air;  and  at  twenty- eight  inches  a  column  of 
mercury.  Guericke  made  the  experiment  with 
water,  and  ddcribed  the  apparatus  for  it  in  his 
Experim .  de  vacuo ,  lib.  iii.  c.  20,  21.  By  the 
height  and  weight  of  the  mercury  in  a  glafs 
tube,  'Torricelli ,  a  profeffor  of  mathematics  at 
Florence ,  firft  difcovered  the  prefiure  of  a  co¬ 
lumn  of  air.  And  hence  fuch  a  tube  with 
quickfilver  was  at  firft  called  the  Torricellian 


tube;  but  afterward,  on  being  applied  to  diftin- 
guifn  thereby  the  variation  of  the  ail’s  gravity, 
the  barometer.  On  the  fea  fhore  the  mercury 
Bands  higher,  than  on  any  other  part  of  the 


earth’s 
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earth’s  furface.  The  greateft  height  amounts  in 
Paris  meafure  to  twenty-eight  inches  four  lines  ; 
and  the  leaf!  to  2 6"  4".  The  variation  of  the 
heights  of  the  mercury  in  the  barometer  happens, 
thus  within  a  fpace  of  24'".  If  the  bafe  of  a 
round  column  of  water  is  a  Paris  foot  in  diame¬ 
ter,  and  thirty-one  feet  in  height,  its  weight  is 

1703  pounds.  And  fo  great  is  the  weight 

of  a  round  column  of  air,  whole  bafe  is  a  Paris 
foot  in  diameter.  For,  the  furface  or  area  of  a 
circle  whole  diameter  is  a  Paris  foot,  con  fids  of 
7850  fquare  lines,  each  of  which  is  a  line  long 
and  a  line  broad.  A  height  of  thirty-one  feet 
is  3100  lines,  a  foot  containing  100  fuch  lines. 
If  the  furface  7850  is  multiplied  by  the  height 
3100;  the  folid  contents  of  this  fpace  make 
24335000  cubic  lines;  each  of  which  is  a  line 
long,  a  line  broad,  and  a  line  thick:  1000  cubic 
lines  make  one  cubic  inch.  And  thus  the  fpace 
confiits  of  24335  cubic  inches.  Now  1000  cu¬ 
bic  inches  of  water,  which  make  one  cubic  foot, 
weigh  feventy  pounds.  And  thus  ioco  :  24335 


:  70  :  1703 


4^0 
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Baron  Wolfius  in  his  Experiments,  P.  II.  c.  3. 
and  Leupcld  in  his  Eh  eat  rum  Stall  cum  Univerfale , 
P.  II.  c.  2  and  3.  treat  on  the  barometer,  its 
conftruction  and  kinds.  The  following  expe¬ 
riment 
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riment  ferves  as  a  peculiar  confirmation,  that 
the  quickfilver  in  the  barometer  is  fuftained  at  a 
certain  height  by  the  preffure  of  the  air,  fig.  3. 
plate  XIV.  At  the  one  end  of  a  brafs  curfor 
BCDE  a  fmall  tube  CB  is  bent  upwards;  and 
at  the  other  end  DE  bent  downwards;  and  both 
of  them  (land  perpendicular  on  CD,  In  G  is  a 
fcrew,  well  fecured  with  a  piece  of  leather  well 
drawn  or  worked  in  tallow,  that  no  air  can  per¬ 
vade  it.  In  C  a  glafs  tube  CAB  is  cemented^ 
open  below  where  it  is  cemented,  but  fhut  above 
in  A.  In  D  there  is  another  glafs  tube  DEF 
cemented,  open  at  both  ends.  On  the  plate  of 
the  air-pump  a  fmall  veffel  I H  with  quickfilver^ 
and  over  that  a  glafs  KL  is  placed;  in  whofe 
neck  is  a  cork  foaked  in  oil  and  covered  with 
cotton.  Through  the  middle  of  this  cork  a  hole 
paffes,  through  which  the  tube  DF  is  ffuck,  and 
well  fecured  with  cotton.  Then  the  air  as  much 
as  may  be,  is  pumped  out  of  the  glafs  KL,  and 
both  the  tubes  FD  and  CD;  after  which  the 
tubeDF  is  plunged  into  the  quickfilver  in  the 
fmall  veffel  IH,  and  air  left  under  the  glafs 
KL:  And  inflantly  the  quickfilver  rifes  into  the 
tube  CA,  as  far  as  M,  for  inflance,  where  is 
the  height,  at  which  it  is  wont  to  Hand  in  the 
barometer.  On  drawing  out  the  fcrew  G,  the 
quickfilver  in  the  tube  DF  is  diredtly  forced 

down  by  the  rufhing  air  into  the  velfel  I H,  and 

the 
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the  other  quickfilver  in  the  tube  C  A  out  of  M 
up  to  A.  Only  the  tube  C  A  muft  not  be  quite 
too  wide,  that  neither  air  nor  quickfilver  give 
way  to  each  other.  For,  doing  fo,  the  air  riles 
above  the  quickfilver,  and  thus  depreftes  it. 

§.  n  7.  With  an  equal  degree  of  ftrength,  the 
air  under  fuch  a  column  of  air,  weigh  it  ever  fo 
little,  preifes  by  its  fpring  againft  the  weight 
lying  on  it,  §.  80. 

If  a  weight  of  two  pounds  be  hung  at  the 
final  1  air-pump,  of  which  mention  was  made  at 
the  end  of  §.  112.  and  the  pifton  pulled  up, 
and  then  held  fail;',  the  tube  with  the  appended 
weight  riles  up.  The  wider  fuch  a  cylinder,  or 
hollow  tube,  a  greater  weight  may  be  forced  up 
by  the  elafticity  of  the  air  under  it.  The  ap¬ 
pended  weight  may  (land  on  a  metal  plate,  while 
held  on  it  with  one  hand,  in  the  time  the  pifton 
is  pulled  up.  And  on  letting  go  the  hand,  the 
weight  with  the.  tube  riles  up.  From  this  it 
plainly  appears,  that  even  the  little  air,  which 
is  Fill  between  the  weight  and  the  plate,  has  a 


degree  of  elafticity,  which  fur  mounts  the  weight 
p refTing  upon  it.  If  this  fmall  air-pump,  with 
the  aooended  weight  is  hung  under  a  elafs  bell, 
while  the  pifton  refts  on  the  internal  bottom  of 


the  pump;  the  degree  of  elafticity  of  the  air 
difcovers  itfelf  in  a  twofold  manner.  II  the  air 
under  the  bell  is  pumped  out,  the  tube  ol  the 

pump 
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pump  finks  down  with  the  weight.  But  if 
again  admitted  under  the  bell,  the  tube  with  the 
weight  again  afcends.  By  the  force  of  the  air 
therefore  the  water  is  forced  into  fquirts,  fiphons 
and  water-pumps,  on  forming  a  fpace  in  thefe 
inflruments,  containing  either  quite  none,  or  a 
very  rarified  air..  In  order  to  make  water  rife 
in  one  leg  of  a  fiphon  and  pafs  over  to  the  other, 
and  run  out  thereat,  the  following  particulars 
are  neceflary.  The  height  of  the  one  tube  rec¬ 
koned  from  the  level  of  the  water,  mu  ft  be  un¬ 
der  thirty-one  feet.  And  the  aperture  of  the 
other,  at  which  the  water  that  role  into  it  is  to 
run  out,  mult  (land  under  the  level  of  the  water. 
For*  as  the  height  of  the  tube  in  the  water  is  un¬ 
der  thirty-one  feet;  fo  the  water  by  the  prefling 
air  is  forced  through  it  into  the  tube.  In  this  a 
fpace  void  of  air  is  produced :  So  that  the  water 
falls  down  by  its  weight  into  the  outer.  Now 
as  with  its  mouth  it  Hands  under  the  level  of  the 
water  in  which  the  other  tube  dips;  the  weight 
of  the  column  of  water  contained  in  the  longer, 
is  greater  than  the  weight  of  the  column  of  wa  ¬ 
ter  contained  in  the  fhorter  leg.  And  confe- 
quently  the  weight  of  the  water  in  the  longer 
tube  is  greater  than  the  counter  preflure  of  the 
air.  The  height  in  like  manner,  of  a  water- 
pump  mu  ft  be  under  thirty- one  feet,  as  the  air 
cannot  prefs  water  any  higher.  , 

Vol,  I.  K  It 


J3° 


* 

Of  FLUID  BODIES. 

If  fome  water-pumps  fcrewed  on  the  plate  of 
the  air-pump,  give  alfo  water  in  vacuo;  this  only 
happens,  when  the  holes  below  in  the  plate  of 
the  rod  are  as  narrow  as  capillary  tubes.  And 
thus  the  water  rifes  here  by  virtue  of  the  attrac¬ 
tion,  §.  54,  58.  Alfo  fome  fiphons  run  in  va¬ 
cuo:  But  they  alfo  confift  of  very  narrow  tubes. 
And  on  making  the  experiment  with  fuch  a  fi- 
phon  in  vacuo,  both  tubes  become  foon  full  of 
water.  Now  water,  by  virtue  of  the  attraction 
acquires  a  certain  degree  of  ropinefs,  whereby  a 
falling  part  of  water  draws  and  fnatches  along 
with  it  another,  with  which  it  is  in  contact 
above.  And  thus  on  opening  the  longer  tube 
in  vacuo,  the  water  rifes  fo  long  out  of  the 
fhorter,  as  the  ropinefs  of  the  water  falling  into 
the  longer,  is  capable  of  drawing  after  it  the 
parts  of  water  in  the  fhorter. 

By  the  fpring  of  the  air,  which  Hands  above 
the  water  in  a  veffel  with  a  narrow  aperture,  it 
may  be  put  in  motion  as  well  in  a  fpace  void, 
as  full  of  air.  In  vacuo  the  water  is  forced  up 
out  of  a  veffel ;  as  the  preffure,  which  the  fpring 
of  the  air  contained  therein,  exerts  on  the  water, 
lines  no  refiftance  without  the  veffel.  But  for 
the  water  to  fpring  out  of  a  veffel  in  a  fpace  full 
of  air,  the  fpring  of  the  included  air  muff  be 
heightened  either  by  fire,  or  by  compreffon  and 
condenfation.  The  compreffion  may  be  done 
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as  well  by  the  compreffing-machine,  as  alfo  by 
water. 

§.  118.  As  the  under  air  is  comprefTed  by  the 
upper,  and  tends  to  expand  itfelf  on  all  Tides  by 
a  force,  which  is  equal  to  the  preffure  of  gravity, 
fo  it  preffes  by  its  fpring  not  only  upwards,  but 
alfo  Tideways,  quite  as  ftrong  as  the  weight  of 
the  entire  upper  air.  By  this  weight  the  fpring 
of  the  under  air  is  excited  to  prefs.  And  from 
this  we  may  explain  that  aftoni  Thing  preffure  of 
the  air,  which  Guericke  fhewed  with  two  hollow 
hemilpheres  of  copper,  in  diameter  nearly  a 
Magdeburg  ell,  and  which  could  not  be  parted 
afunder  by  twenty-four  horfes,  twelve  drawing 
on  this  fide,  and  twelve  on  that.  Schottus  exhi¬ 
bits  this  experiment  in  his  T echnica ,  lib.  i.  c.  15. 
on  a  copper-plate,  and  p.  47.  adduces  the  letter 
in  which  Guericke  defcribes  the  experiment.  A 
glafs  plane  which  is  cemented  on  a  veffel,  is 

crufhed  to  pieces  on  pumping  the  air  out  of  the 
veffel;  be  the  plane  expofed  to  the  external  air, 
either  upwards,  downwards,  or  Tideways,  Wolfi- 
us  s  Experiments ,  P.  I.  §.  109.  So  long  as  the 
air  under  the  glafs  plane  is  as  denfe  as  the  air, 
that  preffes  on  it  externally,  the  plane  cannot  be 
crufhed  by  the  external  air:  As  the  elafticity  of 
the  internal  a<fts  as  ftrong,  as  the  preffure  of  the 
external.  From  a  like  reafon,  the  hemilpheres 
cannot  be  comprefTed  by  the  external  air,  when 
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filled  with  as  denfe  an  air  as  the  external.  And 
this  we  are  to  confider,  when  afked  how  it  comes* 
that  the  prefiure  of  the  air  is  not  incommodious 
to  men  and  beads.  For,  fuppofing  the  external 
furface  of  a  man’s  body  to  be  equal  to  a  fpace 
of  twenty  feet  fquare,  this  furface  will  be  prefled 
on  by  the  air  as  drongly,  as  if  a  weight  of  water 
thirty-one  feet  high  lay  upon  it.  And  multi¬ 
plying  twenty  feet  fquare  by  thirty  -  one  feet 
high,  the  product  gives  fix  hundred  and  twenty 
cubic  feet.  And  aflfuming  a  cubic  foot  of  water 
to  weigh  70  lb.  the  prefiure  of  the  air  on  the 
laid  furface  of  a  man  is  equal  to  a  weight  of 
43400  lb.  But  jud  fo  drongly  prefies  the  air 
contained  in  the  fldn  and  juices  of  the  body 
againd  the  external. 

§.  1 19.  As  a  cubic  foot  of  air  on  the  earth’s 
furface  weighs  five  hundred  eighty-five  grains, 
§.  1 1 5 ;  fo  in  clofe  veflels  ufed  in  making  expe¬ 
riments,  the  prefiure  of  the  air  is  to  be  edimated 
only  by  its  eladicity.  Thus  the  quickfilver  in 
the  T'orricelian  tube,  has  in  a  clofe  glafs  veflfel 
jud  the  height  it  has  without  it,  when  the  air  in 
the  vefiel  is  juft  as  denfe  as  the  air  without  it; 
be  the  vefiel  v/ide  or  narrow. 

It  has  been  fufpebted,  whether  a  far  more 
fubtle  matter  than  air  was  not  the  caufe,  that 
veflels  that  let  no  air  efcape,  are  fo  drongly 
comprefied,  when  including  in  their  internal 

fpace 
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Ipace  either  none,  or  but  a  very  rarified  air.  It 
is  pretended,  that  the  tether,  or  pure  celeftial  air 
exerted  the  force,  which  we  have  hitherto  af- 
cribed  to  the  air  on  the  earth,  The  following 
! experiment  lhews  how  groundlefs  is  this  conjec- 
iture,  fig.  6.  plate  XIII.  Under  a  glafs  bell 
ABC,  above  at  D  with  a  fmall  round  hole, 
iftopt  up  with  wax,  hangs  another  fmaller  abc 
at  a  fpindle  EF,  which  may  be  drawn  up  and 
again  pufhed  down,  without  any  air  that  proves 
any  thing  confiderable,  getting  by  this  motion 
under  the  bell.  The  great  bell  ftands  on  the 
plate  of  the  air-pump,  the  fmaller  hangs  with¬ 
out  touching  the  plate.  After  the  air  is  fully 
pumped  out,  and  thus  the  greater  bell  firmly 
jpreffed  to  the  plate  •,  the  hanging  bell  is  pufhed 
to  the  plate  and  prefled  down  upon  it  5  fo  that 
its  rim  preffes  equally  ftrong  the  wet  leather  on 
the  plate  quite  round.  Now  fome  are  of  the 
idle  opinion,  that  the  greater  bell  ABC  was 
preffed  to  the  plate  by  the  aether,  as  there  was 
no  air  under  the  bell  that  cculd  refill  its  preffure. 
But  if  the  aether  be  the  foie  caufe,  whereby  the 
bell  void  of  air,  is  preffed  to  the  plate,  the 
fmaller  bell  alfo  abc  mull  be  fall  to  the  plate  by 
the  fame  caufe,  and  be  as  little  parted  from  it 
as  the  greater  bell  ABC,  dhe  experiment 
lhews  the  contrary.  On  pulling  at  the  fpindle 
EF,  the  fmaller  bell  is  fo  eafily  drawn  up,  that 

K  3  no 
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no  cohefion  with  the  plate  can  be  obferved.  If 
the  fmaller  bell  is  again  prefled  down  on  the 
plate  of  the  air-pump,  and  a  needle  fluck  in  the 
wax  of  the  hole  D,  for  air  to  enter  into  the  great 
bell  over  the  fmaller;  the  fmaller  will  flick  faft 
at  the  plate,  and  the  greater  lofe  its  cohefion  with 
it,  and  may  thus  be  pulled  up. 

The  firmnefs,  with  which  hemifpheres  void  of 
air,  hang  together  or  cohere,  can  as  little  be  af- 
cribed  with  any  ground  to  the  alone  force  of 
the  aether,  fig.  7.  plate  XIII.  A  copper  hemif- 
phere  C,  on  which  above  at  D  an  iron  ring  is 
fattened,  flands  on  a  brafs  plate,  between  four 
and  five  inches  in  diameter,  with  a  cock  with 
which  the  plate  is  fcrewed  down  on  the  air- 
pump.  On  the  plate  lies  a  moift  leather.  The 
air  is  pumped  out  of  the  hemifphere.  You  fhut 
the  cock  below  at  the  plate,  and  remove  plate 
and  hemifphere  from  the  air-pump,  and  fix  on 
the  cock  an  iron  ring.  Through  this  ring  and' 
the  ring  of  the  hemifphere  you  draw  a  firing. 
On  each  fide  between  four  and  five  perfons  may 
draw,  without  hemifphere  and  plate  parting 
afunder.  The  firmnefs  of  the  cohefion  fome 
would  afcribe  to  the  bare  adtion  of  the  tether 

• 

But  how  idle  is  this"  opinion,  the  following  ex¬ 
periment  fhews.  Screw  the  plate  with  the  he¬ 
mifphere  again  on  the  air-pump,  and  pump  out 
the  air  quite,  that  in  the  courfe  of  drawing 

might 
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might  have  flipt  through  the  leather  into  the 
hemifphere.  Place  on  the  plate  at  the  rim  of 
the  hemifphere  a  trivet  EFG,  with  a  wound 
fpring  above,  at  which  below  is  a  hook.  You 
prefs  down  the  wound  fpring  till  the  hook 
catches  in  the  ring  of  the  hemifphere  at  d.  And 
thus  the  fpring  by  its  force  feeks  to  draw  up  the 
hemifphere.  But  it  can  only  draw  a  few  pounds. 
So  that  the  hemifphere  remains  firm  at  the  plate. 
You  cover  with  a  large  glafs  bell  the  whole  ap¬ 
paratus,  and  pump  out  the  air.  And  being  re¬ 
moved,  the  hemifphere  will  be  fnatcht  up  by 
the  fpring.  Now  were  the  hemifphere,  previous 
to  the  pumping,  preffed  to  the  brafs  plate,  not 
by  the  elaflicity  of  the  air,  but  by  the  force  of 
the  aether;  why  fhould  not  this  aether  alfo,  after 
pumping  out  the  air,  have  the  power  to  over¬ 
come  the  fmall  force  of  the  wound  fpring,  and 
maintain  in  this  cohenon  the  hemifphere,  firft 
preffed  down  on  the  brafs  plate,  there  being  air 
neither  over  nor  under  the  hemifphere,  wrhofe 
force  can  weaken  the  force  of  the  aether? 

§.  120.  If  a  circular  furface  A  be  preffed  on 
by  juft:  fo  denfe  an  air  as  is  another  B;  the  pref- 
fure  on  A  to  that  on  B,  is  as  the  fquare  of  the 
diameter  of  the  furface  A  to  the  fquare  of  the 
diameter  of  the  furface  B.  Suppofe  B  in  dia¬ 
meter  to  be  one  Paris  foot;  and  A  two;  the 
preffure  on  B  is  to  that  on  A,  as  i  to  4.  And 

/;  thus 
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thus  the  furface  A  will  be  prefled  on  by  a  force, 
four  times  as  intenfe,  as  is  the  preflure  of  1703 

—■  lb.  §.  1 1 6.  For,  if  the  air,  prefling  on  two 

furfaces,  is  equally  denfe,  the  height  in  that  cafe 
is  then  out  of  the  queftion.  For,  if  both  fur- 
faces  are  prefied  on  in  open  air,  the  heights  of 
the  air  are  Hi  both  equal.  But  if  in  clofe  veflels; 
the  preflure  confifts  in  the  elaftic  force  only, 
which  in  equally  denle  air  is  equally  intenfe, 
§.  1 19.  And  therefore  the  preflure  of  equally 
denfe  air,  on  two  circular  furfaces,  is  to  be  efti- 
mated  by  their  magnitudes  only.  But  the  mag¬ 
nitudes  of  circular  furfaces  are  to  each  other,  as 

» 

the  fquares  of  their  diameters. 

The  gravity  and  elafticity  of  the  air  on  the 
earth’s  furface  a£t  therefore  again  A:  a  circular 
furface,  an  inch  in  diameter,  with  a  preflure, 
nearly  equal  to  the  preflure  of  12  lb.  For,  the 
preflure  of  the  air  on  a  circular  furface, .  a  foot, 

or  twelve  inches  in  diameter,  is  =  1702  —  lb. 

100 

or  54512  loths,  or  half  ounces,  nearly.  The 
fquare  of  12  is  =  144,  and  the  fquare  of  1  = 
1.  Now  as  the  fquare  144  is  to  the  fquare  ij 
fo  is  the  preflure  of  the  air  againfl  a  cylindrical 
furface  of  twelve  inches  in  diameter,  to  the 
preflure  of  the  air  againfl:  a  cylindrical  furface 
of  one  inch  in  diameter.  And  thus,  144  :  1  :  . 

4  545 1 2 
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54512  :  378,  which  divided  by  32,  the  number 
of  lofhs  in  a  pound,  gives  eleven  pounds  twenty- 
fix  loths. 


PART  II. 


Of  FIRE. 

& 


CHAP.  I. 


Of  the  Notion  of  Fire. 


§.121.  IRE  is  a  fluid  and  invifible  matter. 


capable  of  expanding  as  well  the  air 


as  all  viflble  fluid,  and  folid  matters  on  our 
earth.  Some  bodies,  as  moifl:  wood,  are,  indeed, 
contracted  by  the  fire.  But  this  contraction 
happens  not  in  their  proper  folid  parts,  but  the 
humidity  only  is  expelled  from  their  interfaces. 

§.  122.  The  expansion  produced  by  fire  in  an 
animal  body,  and  perceived  by  the  animal,  is 
called  heat,  and  the  feeling  or  perception  of  its 
defect,  cold.  If  a  body  contains  fo  much  fire, 
as  to  be  able  to  excite  heat  in  an  animal  body; 

it  is  called  hot .  But  if  of  fuch  a  nature,  as  that 

; 

an  animal,  on  contact  with  it  may  perceive  cold, 
it  is  called  cold .  In  propriety,  a  body,  which 


excites 


1 
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excites  heat,  is  to  be  called  calorifick  \  and  one, 
that  produces  cold,  frigorifick .  But  did  we  dis¬ 
regard  the  diftmCtion  between  the  caufe  and  its 
aCtion  or  effeCt;  we  mull  needs  have  afcribed 
heat  and  cold  to  the  calorific  and  frigorific  bo¬ 
dies  themfelves. 


CHAP.  II. 

Of  the  Thermometer  and  Pyrometer. 

'  i 

/  '  •  » 

*■  .  .  . 

§.  123.  rpHE  air,  in  which  we  live,  excites 
JL  at  different  times  by  means  of  the 
*  ■  fire  it  contains,  different  interchanges  of  heat 

and  cold  in  animal  bodies.  And  this  happening 
in  animal  bodies,  the  folid  and  fluid  matters, 
co-exifting  with  them  in  one  and  the  fame  air, 
are  now  pure,  again  lefs  expanded  and  contract¬ 
ed.  The  quantities  of  this  expanfion  and  con¬ 
traction  are  thus  Signs  of  the  expanfion  and 
contraction,  which  the  air  itfelf  undergoes,  by 
means  of  the  ffronger  and  weaker  aCtions  of  the 
fire  contained  therein ;  and  consequently  Signs  of 
heat  and  cold,  which  are  improperly  afcribed  to 
the  air.  An  inftrument,  in  whofe  matter  a  de¬ 
creasing  and  increafing  expanfion  and  contrac¬ 
tion,  produced  by  the  heat  and  cold  of  the  air, 

is 
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is  obfervable,  is  called  a  thermometer ,  or  heat- 
gage.  Among  the  thermometers,  in  which  the 
heat  and  cold  of  the  air,  and  other  matters,  are 
diftinguifliable  by  the  expanflon  and  contraction 
of  a  fluid  matter,  as  fpirit  of  wine,  or  quickfil- 
ver,  Baron  tVclfius  in  his  Experiments ,  P.  II.  c.  5» 
defcribes  DrebbeFs,  the  Florentine ,  and  the  mer¬ 
curial.  A  further  account  of  the  improvement 
of  the  thermometer,  profeflor  Mufchenbroeck 
gives  in  his  EJfai  de  Ehyfique ,  c.  26.  and  the  abbe 
Nolle t  in  his  Lemons  de  Ehyfique ,  P.  IV.  p.  393, 
feq.  The  quantity  of  heat  and  cold,  obfervable 
by  a  thermometer,  is  ufually  expreflfed  by  a  cer¬ 
tain  number  of  degrees.  We  fay,  for  inftance» 
the  heat  is  thirty,  or  the  cold  is  twenty  degrees- 
By  this  we  mean  to  indicate,  that  the  fluid  mat¬ 
ter  in  the  thermometer  has  by  the  heat  fpread 
and  expanded  itfelf  thirty  degrees,  and  by  the 
cold  contracted  itfelf  twenty  degrees.  But  if  it 
be  afked,  what  quantities  or  parts  are  to  be  un-  > 
derflood  by  thefe  degrees:  By  the  common  ther¬ 
mometers  no  intelligible  notion  can  be  formed 
thereof.  A  degree  is  properly  a  part  of  a  known 
and  determinate  quantity,  which  taken  a  number 
of  times,  is  exaCtly  equal  to  the  quantity,  as  a 
whole  or  integer  to  its  parts.  For  inftance,  if  a 
Paris  inch  is  divided  into  twelve  equal  lines, 
each  of  them  may  be  called  a  degree.  And 
therefore  in  order  to  determine,  in  an  intelligible 


man- 
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manner,  the  degrees  of  expanfion  and  contrac¬ 
tion,  which  a  fluid  matter  undergoes  in  a  ther¬ 
mometer  by  heat  and  cold;  you  are  to  divide 
the  fpace,  which  the  fluid  matter  occupies  in  a 
determinate  degree  of  heat  and  cold,  into  equal 
parts.  Suppofe  the  fpace,  which  the  fluid  in  a 
thermometer  occupied  in  a  known  and  deter¬ 
minate  degree  of  heat  or  cold,  conflfted  of  one 
thoufand  cubic  lines :  A  man  would  talk  very 
intelligibly,  to  call  one  fuch  cubic  line  a  degree. 
If  there  were  two  fuch  thermometers  in  two  dif¬ 
ferent  places,  and  the  fpace  of  the  fluids  had  de- 
creafed  in  both  about  twenty  cubic  lines;  this 
would  be  a  fure  indication,  that  the  degree  of 
cold  in  both  places  was  equal.  But  had  the 
fpace  of  the  fluids  decreafed  in  the  one  place  A 
ten,  and  in  the  other  B  twenty  cubic  lines:  The 
degree  of  cold  in  the  place  A  would  be  to  that 
in  B,  as  ten  to  twenty,  or  as  one  to  two.  Among 
the  thermometers,  on  which  the  degrees  are  de¬ 
noted  in  an  intelligible  manner,  the  principal  are 
Fahrenheit' s,  Reaumur's  and  Be  I'ljle's. 

i.  In  Fahrenheit's  manner,  you  mix  up  in 
winter  weather,  after  a  ftrong  froft,  grated  ice 
with  fal  armoniac,  and  place  therein  with  its  un¬ 
der  veflel  a  tube,  filled  either  with  fpirit  of  wine, 
or  with  quickfilver,  and  mark  the  point  where 
the  quickfilver  hands.  On  the  table  of  the  de¬ 
grees,  at  which  the  tube  is  fafcened,  you  mark 

this 
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this  point  with  O.  Then  you  fet  this  tube  with 
the  under  velTel  in  watery  which  by  the  natural 
cold  is  changed  into  ice,  and  you  märk  the  point 
where  then  the  quickfilver  Hands.  The  fpace 
between  both  thefe  points  is  divided  into  thirty- 
two  equal  parts  or  degrees;  of  which  the  thirty- 
fecond  terminates  at  the  point,  at  which  the  fluid 
flood,  as  the  water  was  turned  to  ice.  After  this, 
you  fet  the  under  veflel  of  the  tube  in  warm 
water,  which  you  fuffer  gradually  to  boil.  The 
point,  at  which  the  fluid,  as  for  inflance,  quick¬ 
filver,  remains  Handing  in  the  midfl  of  boiling 
water,  is  marked  212;  as  from  it  to  the  point  of 
the  quickfilver  in  frozen  water  are  reckoned  one 
hundred  and  eighty  degrees.  LaHly,  you  let  the 
quickfilver  turn  fo  hot  over  the  fire,  as  to  begin 
to  boil.  The  point  of  its  height  is  marked  600, 
the  number  of  degrees  being  carried  on  from 
212.  Now  in  order  to  examine,  whether  a 
greater  degree  of  cold  be  Hill  pofiible  in  nature, 
than  that  produced  by  grated  ice,  mixed  up  with 
fal  armoniack ;  you  Hill  fet  off  on  the  table  of 
degrees  100,  200,  and  more  fuch  degrees  under 
O. 

M.  Amantons  firH  learned  from  experience, 
that  common  water  has  attained  the  greatefl  de¬ 
gree  of  heat,  when  it  boils,  after  which  it  can 
acquire  no  greater,  remain  it  ever  fo  long  over 
the  fire,  and  be  the  Are  too  never  fo  intenfe. 

This 


f 


i 


Of  FLUID  BODIES. 

This  he  relates  in  his  difiertation  on  fome  pro¬ 
perties  of  the  air,  in  which  he  defcribes  his  new 
thermometer.  It  is  inferted  in  the  memoires  of 
the  academy  of  fciences  for  the  year  1702.  Tag- 
Uni ,  a  profeflor  of  philofophy  at  Pifa  has  oppofed 
an  experience  to  Amant ons’s  propofition ;  viz.  that 
a  greater  degree  of  heat  may  be  given  water,  on 
letting  it  boil  Hrongen  But  then  we  are  to 
confider,  that  water  in  the  fir  ft  boiling  attains 
not  the  greatefi  degree  of  heat.  If  you  let  it 
boil  for  a  quarter  of  an  hour,  while  Fahrenheit' s 
thermometer  Hands  therein :  The  afcended  quick- 
filver  continues  Handing  at  one  point,  be  the  fire 
under  the  vefiel  afterwards  heightened  to  any 
degree  at  pleafure.  But  at  the  fame  time  you 
are  alfo  to  regard  the  gravity  and  denfity  of  the 
air.  In  one  and  the  fame  decree  of  the  air’s 

O 

gravity  and  denfity,  water  too  has  one  and  the 
fame  degree  of  heat. 

2.  Reaumur  filled  his  thermometer  with  fpirit 
of  wine,  and  let  it  in  water,  which  he  let  freeze 
by  art,  on  laying  round  the  vefiel  of  water  grated 
ice,  mixed  up  with  fait.  He  obferved  the  point, 
at  which  the  fpirit  of  wine  Hood  in  the  tube,  on 
the  water  being  by  the  artificial  cold,  fkinned 
over  with  a  film  of  ice,  and  allowed  the  fpace, 
which  the  fpirit  of  wine  filled  up  to  the  faid 
point  of  freezing,  one  thoufand  equal  parts,  each 
of  which  he  called  a  degree.  The  place,  at 

w?hich 
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which  the  fpirit  of  wine,  condenfed  by  the  freez¬ 
ing,  flood  in  the  tube,  was  as  near  again  to  the 
ball,  as  to  the  upper  end  of  the  tube.  The  de¬ 
grees  were  mutually  equal ;  not  as  to  the  length 
of  the  tube,  but  as  to  the  expanfion  of  the  fpirit 
of  wine.  If  the  volume  of  the  fpirit  of  wine, 
which  in  the  artificial  cold  had  one  thoufand 

i  * 

parts,  was  encreafed  about -  part,  the  ther- 

IOOO  r 

mometer  fhewed  one  degree  of  heat.  If  the 

2 

volume  was  encreafed  about -  part,  the  ther- 

IOOO  r 

mometer  fhewed  two  degrees.  The  degrees 
were  wrote  on  the  table  on  both  fides  of  the 
tube.  On  the  one  fide,  as  for  infiance,  the  right 
you  write  O,  by  which  the  freezing  point  is 
denoted.  The  firft  degree  under  that  is  called 
1 5  the  fecond  2,  and  fo  on  in  numerical  order. 
And  thus  is  the  row  or  feries  of  the  degrees  of 
defcent,  or  condenfation.  Above  O  were  alio 
wrote  i,  2,  3,  up  to  8o.  Thefe  are  the  degrees 
of  afcent  or  expanfion.  On  the  other  fide  of  the 
tube,  to  the  left,  you  write  at  O,  as  the  freezing 
point,  iooo \  the  volume  of  the  fpirit  of  wine, 
flanding  there  in  the  artificial  cold,  having  one 
thoufand  parts.  Immediately  under  that,  is  999; 
under  this,  998,  &c.  And  hereby  the  degrees  of 
fall  were  denoted.  Above  O  to  the  left  came 
1001,  1002,  1003  up  to  1080,  as  the  degrees  of 

afcent 
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afcent.  And  thus  the  degrees  to  the  right  ex« 
prefs  by  the  numbers  i,  2,  3,  4,  &c.  how  much 
the  fpirit  of  wine  has  expanded  above  O,  as  the 
point  of  artificial  freezing,  and  contracted  under 
the  fame  point.  The  numbers  on  the  left  fhew 
the  actual  volume  of  the  fpirit  of  wine,  that,  in 

the  artificial  freezing,  confifts  of  one  thouland 

*  $ 

equal  parts.  This  volume  is  now  diminifhed  by 
the  encreafing  cold,  and  confifts  of  999,  998, 
997,  &c.  parts:  again  enlarged  by  the  encreafing 
heat,  and  confifts  of  1001 ,  1002,  1003,  up  to 
1080  degrees. 

For  thefe  thermometers  you  are  to  take  tubes 
and  balls  of  fufficient  width  or  bore,  in  order  to 
have  the  variations  of  heat  and  cold  fufficiently 
diftinguifhable  thereon.  The  diameter  of  the 
tube  may  be  between  two  or  three  lines  and 
above,  and  that  of  the  ball  four  inches  and  over. 
The  length  of  the  whole  thermometer  is  between 
four  and  five  feet. 

The  preparation  thereof,  as  given  by  Reaumur , 
is  deferibed  in  the  memoires  of  the  academy  of 
fciences  for  the  year  1730,  and  in  thofe  for  the 
year  1731.  The  graduation  he  executed  by  the 
following  rules.  For  filling  he  had  frnall  and 
great  meafures.  A  frnall  meafure  contains  only 
fo  much  fpirit  of  wine,  as  to  ftand  in  the  tube 
between  three  and  four  lines  high.  The  great 
meafures,  which  ferve  for  difpatch,  differ  in  fize. 

Many 
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Many  hold  twenty-five;  many  fifty;  many  one 
hundred  ffnall  meafures*  By  means  of  thefe 
meafures  we  may  alfo  know*  how  many  fmall 
meafures  are  contained  in  the  ball  and  tube  to 
the  point,  at  which  the  fpirit  of  wine  Hands  in 
the  cold  of  freezing  water,  and  confequently  by 
the  number  of  thefe  meafures  determine  the 
iooo  parts  of  this  volume*  Suppofe  it  con« 
tained  one  thoufand  meafures,  fuch  a  meafure 

would  be  — —  part.  A  fmall  meafure  is  a  piece 

IOOO  r 

of  a  glafs  tube,  blown  up  in  the  middle  like  an 
olive,  both  whofe  ends  terminate  in  flender  and 
real  capillary  tubes.  The  length  is  between  fif¬ 
teen  and  fixteen  lines,  alfo  quite  two  inches,  and 
above:  Such  a  meafure  is  filled,  fo  either  the 
one  end  be  dipt  in  fpirit  of  wine,  and  the  other 
fucked  at  by  the  mouth,  till  the  fpirit  has 
reached  the  tongue ;  or  fo  the  meafure  be 
plunged  in  the  fpirit  quite  above  the  olive,  and 
thus  allowed  to  rife  to  the  end  of  the  other  ca¬ 
pillary  tube.  The  upper  end  of  the  tube  you 
keep  fhut  with  a  finger;  or,  which  is  Hill  furer, 
with  the  tongue;  and  fo  you  heave  out  the  mea¬ 
fure,  without  a  fingle  drop  efcaping,  fig.  4.  plate 
XIV.  A  greater  meafure  confifts  of  a  pretty 
thick  glafs  tube;  between  four  and  five  inches 
long,  with  a  ball,  fig.  5.  plate  XIV.  You  ob- 
ferve,  how  many  fmall  meafures  go  to  one  fuch 
Vol.  I.  L  greater 
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greater,  and  mark  with  a  thread  on  the  tube 
the  height,  at  which  the  fluid  Hands  by  a  certain 
number  of  fmali  meafures.  Before  you  fill  the 
thermometer  with  fpirits,  you  mark  on  the  tube 
nearly  the  place,  where  you  think  to  have  the 
freezing  point,  with  a  fine  thread,  tied  round 
the  glafs.  Now  in  order  to  graduate:  You  put 
into  the  tube  of  the  thermometer  by  means  of  a 
funnel  a  meafure  of  one  hundred,  alfo  a  greater, 
till  the  ball  is  full,  and  the  fluid  rifes  up  to  the 
fet  point;  and  you  fill  the  meafure  only  with 
water.  You  feldom  hit  it  with  the  meafures,  as 
that  the  furface  of  the  water  final  1  fland  at  the 
thread,  being  now  feme  what  above,  again  fieme- 
what  under  it.  But  then  you  need  only  fhift 
the  thread  a  little  uo  or  down,  till  having  an 
equal  height  with  the  furface  of  the  water.  It 
often  happens  that  the  ball  is  not  full  by  the 
laft  meafure  of  one  hundred.  And  did  you  add 
one  more  thereto,  the  water  would  rife  too  high 
in  the  tube.  This  you  remedy  by  putting  coarfe 
gravel  or  bits  of  glafs  into  the  tube,  to  fall  into 
the  ball,  by  which  means  the  water  rifes  higher 
in  the  tube.  If  now  the  water  Hands  at  the 
point,  at  which  you  would  have  it;  you  pour 
out  of  the  tube  of  the  thermometer  fome  of  its 
water  into  a  meafure  of  twenty-five  or  thirty,  till 
the  meafure  is  full.  And  thus  under  the  point, 
which  you  have  allotted  for  the  freezing,  you 

obtain 
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obtain  an  empty  fpace  of  twenty-live  or  thirty 
meafures  or  degrees.  This  done,  you  fallen 
the  thermometer  with  wire  at  a  fmall  board,  on 
which  a  paper  is  glued,  on  which  you  mark  the 
degrees  with  neat  llrokes.  The  firfb  ftroke  is 
made  at  the  place,  where  the  fpirit  of  wine  is  to 
Hand  in  the  cold  of  the  freezing  water.  Then 
you  make  a  ftroke  at  the  place  of  the  empty 
fpace  of  the  tube,  when  you  poured  the  water 
into  a  meafure  of  twenty-five  or  thirty.  And 
then  you  fill  a  fmall  meafure,  and  empty  it  into 
the  tube.  And  where  the  water  then  Hands  you 
make  a  ftroke.  Again  you  fill  the  meafure, 
and  pour  the  water  into  the  tube.  And  where 
now  the  water  Hands,  you  again  make  a  ftroke. 
This  you  repeat  fo  often,  as  the  number  of  the 
degrees  requires,  that  are  to  have  place  in  the 
tube,  and  are  to  be  marked  on  the  glued  paper. 
In  this  manner  you  come  to  have  pure  degrees, 
each  indicating  one  and  the  fame  volume  of 
matter,  as  you  all  along  ufe  one  and  the  fame 
meafure  for  filling;.-  As  the  water  out  of  fo 
fmall  a  meafure,  as  that  to  hold  a  degree,  poured 
into  the  tube,  runs  down  flowly  into  it,  and  al¬ 
ways  inclines  to  apply  itfelf  to  the  glafs  ,  fuch  a 
meafure  is  filled  with  quickfilver.  For,  this  re¬ 
mains  not  flicking  to  the  glafs,  but  falls  quick 
to  the  bottom,  and  forces  up  the* water.  In 
like  manner  the  degrees  are  marked  above  the 

I  <  2  freez- 
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freezing  point.  Now  after  the  board  is  gradu¬ 
ated,  the  water  with  the  gravel  or  bits  of  glafs 
and  quickfilver  is  done  out  of  the  tube  and  ball. 
The  grains  of  fand  and  bits  of  glafs  are  laid  by* 
For,  they  come  again  into  the  thermometer,  af¬ 
ter  drying.  The  thermometer  alfo  is  well  dried’ 
And  when  dry,  you  pour  in  fo  much  fpirit  of 
wine,  till  it  fhnds  three  or  four  degrees  above  the 
thread,  which  indicates  the  artificial  freezing. 
You  place  the  ball  of  the  thermometer  in  a  cy¬ 
lindrical  veffel  of  metal  plate,  that  is  fomething 
wider  than  the  ball.  If  the  veffel  is  fo  high,  that 
its  rim  reaches  the  thread,  which  indicates  the 
freezing  point  on  the  tube;  the  thermometer 
will  be  the  more  adapted  diredtly  to  indicate  the 
{mailed:  changes  of  heat  and  cold,  arifing  in  the 
air.  This  veffel  is  filled  with  water,  and  placed 
in  a  wider,  and  at  lead:  as  high  a  veffel.  The 
fpace  between  the  two  veffels  you  fill  with  fine 
framped  ice,  which  is  mixed  up  with  a  good 
quantity  of  faltpetre,  or  fal-armoniack,  or  fea- 
falt.  In  order  to  accelerate  the  freezing,  linnen 
cloths  are  laid  over  the  icy  matters.  On  thefe  a 
layer  of  rubbed  ice  is  laid,  and  that  again  co¬ 
vered  with  cloths.  If  the  furface  of  the  water  is 
froze,  the  fpirit  is  near  the  deeped:  point,  to 
which  in  this  degree  of  cold  it  can  fall.  And 

k. 

when  you  think  it  is  almofl  as  deep  as  it  well 
can;  and  it  ftands  under  the  marked  freezing 

point ; 
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point;  with  a  fmall  funnel  you  gradually  put 
more  fpirit  thereto,  till  it  reaches  the  place  of 
the  thread.  If  the  fpirit  of  wine  fall  no  farther, 
yet  let  the  ice  that  was  produced,  melt  again,  in 
order  to  be  able  to  take*  out  the  bail  without 
danger.  If  the  fpirit  put  in  remains  Handing 
above  the  thread,  you  fling  a  lead  ball  on  a 
wire-thread,  which  you  convey  into  the  fpirit. 
Some  of  it  fettles  on  the  ball  and  wire.  After 
repeating  this  for  two  or  three  times  you  gain 
your  end.  This  circumftance  requires  the  great- 
eft  attention.  For,  an  error  of  i  or  f  of  a  de¬ 
gree  happening,  runs  through  the  whole  de¬ 
grees,  After  taking  the  thermometer  out  of  the 
ice,  it  is  hermatically  fealed.  And  for  this  pur- 
pofe  you  fet  the  ball  of  the  thermometer  in  wa¬ 
fer,  which  you  gradually  heat.  The  fpirit  of 
wine  rifes,  and  the  air  goes  out  at  the  open  end. 
The  air  remaining  behind  mu  ft  not  be  ratified 
quite  too  much.  For  otherwife,  ip  a  great  de¬ 
gree  of  cold  the  air  goes  out  of  the  fpirit  into 
the  empty  fpace  of  the  tube,  and  on  the  return» 
ing  heat  hinders  the  fpirit  in  the  rifing.  You 
procure  a  moderate  rarifaftion,  on  flopping  the 
upper  aperture  of  the  tube  with  a  mixture  of 
turpentine  and  wax,  and  with  a  varnifh  drawn 
over  befides.  Yet  you  may  alfo  feal  the  end  of 
the  glafs  at  the  lamp,  without  rarifying  the  air 
ip  the  tube  too  much,  on  drawing  out  the  end 
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of  the  tube  into  a  hollow  tender  thread,  and 
then  fuddenly  running  or  melting  its  end.  In  ow 
all  this  being  done,  the  thermometer  is  faftened 
on  the  graduated  board.  The  thread  on  the 
tube,  which  indicates  the  freezing  point,  comes 
to  the  ftroke  on  the  paper. 

But,  in  two  fuch  thermometers,  in  order  to 
compare  the  degrees  together  -  it  is  necefiary,  that 
the  fpirit  in  both  be  of  one  and  the  fame  fort 
and  goodnefs.  For,  were  there  in  the  one  A  a 
ftronger  than  in  the  other  B-,  A  would  indicate  a 
greater  degree  of  heat  than  B,  tho’  both,  flood  in 
one  and  the  fame  air.  For,  a  ftronger  fpirit  may 
be  more  expanded  and  rarified  by  the  heat  than 
a  weaker  in  one  and  the  fame  degree  of  heat. 
M.  Reaumur  filled  his  thermometer  with  a  fpirit, 
whofe  volume  in  the  cold  freezing  water  had 
400,  and  in  the  heat  of  boiling  water  435. 
And  dividing  both  numbers  by  5,  the  fir  ft  is  to 
the  fecond,  as  80  to  87.  He  put  into  a  long- 
necked  cucurbit  or  body  four  hundred  fmall 
meafures  of  fpirit,  and  marked  the  point  of  the 

t  t> 

neck,  at  which  the  fpirit  flood  in  the  artificial 
freezing,  Then  he  obferyed,  how  high  the  heat 
of  boiling  water  would  raife  it.  But  the  fpirit 
boils  long  before  the  water  boils.  Confequently 
jjt  fhould  appear,  that  the  extent-point,  to  which 
the  fpirit  riles,  could  not  be  determined. 
Reaumur  got  over  this  difficulty  by  the  follow¬ 
ing 
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ing  devife.  As  foon  as  the  fpirit  heaved  or 
bubbled  up  in  the  heat  of  the  boiling  water,  he 
took  the  body  or  cucurbit  out  of  the  water. 
The  bubbling  ceafed,  and  the  furface  of  the 
fpirit  became  level.  He  put  the  body  again  in 
the  water.  The  furface  of  the  fpirit  turned  le¬ 
vel  on  the  ceafing  of  the  bubbling,  but  flood 
higher  than  before.  This  operation  M.  Reau¬ 
mur  continued  fo  long,  till  the  fpirit  in  this  al- 
ternate  taking  it  out  of  the  boiling  water,  and 
putting  it  in  again,  remained  handing  at  one 
point.  This  point  he  deemed  the  feed  extent- 
point  of  the  greateft  degree  of  expanfion,  which 
the  heat  of  the  boiling  water  could  give  to  the 
fpirit,  without  itfelf  boiling.  The  fpirit  he  ufed 
on  this  occahon,  was  fuch,  as  in  the  fpoon  in 
which  it  was  fired,  to  leave  no  water  behind, 
and  alfo  to  fire  gun- powder. 

The  bigger  a  ball  filled  with  fpirit,  the  longer 
time  is  neceflary  before  the  heat  of  the  air  can 
pervade  to  its  centre.  Nov/  heat  and  cold  in 
the  air  are  fubjebl  to  frequent  quick  variations. 
The  bigger  therefore  the  ball  of  a  thermometer, 
the  lefs  adapted  it  is,  to  indicate  the  true  quan  - 
tity  of  the  heat  and  cold  of  the  air.  The  degree 
of  heat  arifen  in  the  air,  may  decreafe  before  it 
has  penetrated  the  entire  ball.  In  like  manner, 
the  degree  of  the  cold  of  the  air  may  be  dimi- 
nifhed  before  the  inmofl  fpirit  in  the  ball  bas 
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cooled  in  an  equal  degree.  In  order  to  obviate 
this  defed,  M.  Reaumur  advifcs,  inflead  of  the 
ball  of  a  thermometer,  to  take  a  cylindrical  box. 

As  the  fpirit  of  wine  has  froze  in  a  great  de» 
gree  of  cold,  as  in  1737  was  experienced  at  For- 
nea  in  Lapland ,  you  fill  Reaumur's  thermometer 
with  quickfilver  inflead  of  fpirit. 

In  Fahrenheit's  thermometer,  the  fpace  of  the 
quickfilver  between  the  freezing  point  and  the 

t  £ 

point  of  the  heat  of  boiling  water,  confifls  of  one 
hundred  and  eighty  degrees.  For,  the  point  at 
which  the  quickfilver  (lands  in  the  cold  of  the 
water  turned  to  ice,  is  marked  32;  and  the 
point  at  which  it  remains  (landing  in  the  heat 
of  boiling  water,  212.  Now  deducting  32  from 
212,  there  remain  for  the  fpace  between  thefe 
two  fixed  points  one  hundred  and  eighty  degrees. 
In  Reaumur's  thermometer  this  fpace  is  ninety 
degrees.  For,  a  degree  in  Reaumur' s  thermome¬ 
ter  is  equal  to  two  degrees  in  Fahrenheit's .  As 
an  example  may  ferve  the  obfervation,  which 
M.  Maujpertuis  relates  in  his  Figure  de  la  terre , 
lib.  iii.  c.  2.  fed.  5.  M.  Maupertuis ,  and  the 
other  academicians,  who  were  to  meafure  a  de¬ 
gree  of  the  meridian  at  the  north  polar  circle, 
propofed  to  make  experiments  with  a  pendulum 
clock  on  the  degree  of  gravity  there.  For  this 
purpofe  it  was  necefiary  to  keep  up  one  and  the 
fame  degree  of  heat  m  the  apartment.  They 

there- 
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therefore  hung  at  the  Tides  of  the  pendulum- 
clock,  Fahrenheit's  and  Reaumur* s  thermometers, 
Fahrenheit's  was  executed  by  M.  Prins ,  and 
Reaumur's  was  filled  with  quickfilver  by  the  ab- 
be  Nollet.  The  obfervation  was  continued  from 
April  6,  1737’  f°r  ^ve  days  fucceffively  at  Pello 
a  village  in  Finland .  The  degree  of  heat  was 
kept  up  at  fuch  a  pitch,  as  that  for  thofe  five 
days  and  nights  the  fpirit  in  Reaumur* s  thermo¬ 
meter  flood  conflantly  between  14  and  15,  and 
the  quickfilver  in  Fahrenheit's  always  between 
60  and  62.  The  difference  between  14  and  15 
is  =  1,  and  between  60  and  62  =  2.  And 
therefore  the  fpace  180,  contained  in  Fahrenheit's 
thermometer  between  the  points  of  the  greatefl, 
and  leafl  degree  of  heat  of  the  water,  divided  by 
2 ;  there  come  out  ninety  degrees  for  the  fpace 
between  the  faid  points  in  Reaumur's  thermo¬ 
meter. 

3.  M.  Delifle  towards  the  clofe  of  the  year 
1 733,  began  to  execute  a  thermometer  in  a  new 
method  which  he  afterwards  ufed  as  a  flandard 
in  adj ufling  other  thermometers.  The  method 
he  ufed  lor  the  purpofe,  he  read  openly  in  the 
academy  of  fciences  at  Peterßurg  in  1733,  and 
fubjoined  it,  p.  269,  feq.  to  his  Memoir  es  pour 
\  fervir  a  T  hiftoire  et  au  pr ogres  de  l '  aftronomie\  de 
la  geographies  et  de  la  phyfique.  This  thermome¬ 
ter,  confifting  of  a  ftafk-like  veffel  or  cylinder. 

and 
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and  an  annexed  tube,  he  filled  in  the  time  of  a 
very  fevere  cold  with  pure  mercury,  and  then 
placed  it  in  water,  which  was  gradually  heated, 
and  at  lad  brought  to  boil.  As  the  quickfilver 
was  expanded  by  the  heat,  part  of  it  ran  out  at 
the  perpendicular  handing  tube :  And  continued 
to  run  fo  long,  till  the  water  had  attained  the 
higheft  degree  of  heat  of  which  it  is  capable: 
The  tube  the  while  remaining  full  of  mercury 
quite  to  the  upper  aperture.  The  entire  fpace, 
which  the  quickfilver  occupied  in  the  heat  of 
the  boiling  water  in  the  cylinder  and  in  the 
whole  length  of  the  tube,  he  divided  in  general 
into  100,000  equal  parts,  or  equal  fpaces.  Then 
he  inquired,  how  many  fuch  parts  were  con¬ 
tained  in  the  tube  alone,  reckoning  from  the 
point,  where  the  quickfilver  had  flood  in  the 
heat  of  the  boiling  water.  This  he  difcovered 
on  weighing  as  well  the  quickfilver  in  the  cylin¬ 
der,  as  alfo  the  quickfilver  in  the  tube  quite  to 
the  faid  height,  each  apart.  For,  as  the  fum  of 
both  weights,  or  the  weight  of  the  quickfilver 
in  the  whole  fpace  of  the  thermometer  is  to 
i ooooo  parts  of  this  whole  fpace,  fo  is  the 
weight  in  the  tube  to  the  fpace  therein  in  a  hun¬ 
dred  thoufand  parts.  In  this  manner  he  made 
three  great  mercurial  thermometers,  which  he 
exhibited  in  their  natural  dimenfion-s  on  a  plate. 
On  the  tube  of  the  fir  ft  2400  degrees  are  mark-  • 
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ed,  each  of  which  is  a  hundred  thou  fand  part, 
or  a  particle,  iooooo  of  which  make  out  the 
whole  ipace.  On  weighing  the  mafies  of  quick- 
fiver  contained  in  the  cylinder  and  tube  of  this 
thermometer,  he  found  the  whole  fpace  to  con- 
lift  of  54760  parts.  In  the  great  cold,  at  the 
time  of  the  experiment,  the  quickfilver  funk  in 
the  tube  through  a  fpace  of  681  fuch  parts. 
Thefe  681  parts  amounted  to  1243  °f  die  hun¬ 
dred  thoufand  parts,  which  was  in  general  af- 
figned  the  fpace.  For,  54760  :  iooooo  :  :  681  : 
1243.  die  number  iooooo,  which  exprefies 
the  whole  fpace  of  the  quickfilver,  is  divided  by 
the  number  of  fuch  hundred  thoufand  particles, 
as  the  degrees,  by  which  the  quickfilver  in  the 
tube  falls  in  a  certain  degree  of  cold :  The  quo¬ 
tient  fhews,  by  how  much  the  quickfilver  in  the 
thermometer  is  become  denfer  by  the  cold. 
Suppofe  it  fallen  down  2000  degrees  in  a  certain 
degree  of  cold,  it  would  be  denfer  by  the  fiftieth 
part;  in  regard  2000  is  contained  fifty  times  in 
iooooo  parts.  For,  by  as  many  parts,  iooooo 
of  which  make  out  the  whole  fpace,  as  the 
quickfilver  fubfides  in  the  cold,  by  fo  many 
particles  will  the  fpace  filled  up  before,  be  now 
empty.  But  by  how  many  parts  the  (pace  filled 
up  before,  is  now  empty,  by  fo  many  parts  the 
denfity  encreafes.  The  firft  you  find,  io  you 
divide  iooooo,  as  the  whole  fpace,  by  the  num- 
2  ber 
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ber  of  the  degrees,  by  which  the  fpace,  in  the 
fubfiding  of  the  quickfilver,  is  become  empty. 

After  M.  Delifie  had  brought  this  principal 
or  ffandard  thermometer  to  bear,  he  afterwards 
executed  feveral  others  with  lefs  trouble;  only 
that  he  examined,  what  ratio  the  fpace  of  the 
tube  had  to  the  fpace  of  the  cylinder.  He  filled 
thefe  thermometers  with  quickfilver,  and  placed 
them  in  warm  water,  which  was  gradually  heat» 
ed,  and  marked  the  place,  which  the  quickfilver 
reached  by  the  greated  heat  of  the  boiling  wa¬ 
ter.  After  this,  he  fet  fuch  a  thermometer  along 
with  the  flandard  thermometer  in  one  and  the 
fame  degree  of  cold  of  the  air.  And  when  pretty 
great,  he  divided  the  fpace,  through  which  the 
quickfilver,  from  the  place  which  it  had  in  the 
heat  of  the  boiling  water,  to  the  place  at  which 
it  flood  in  this  degree  of  cold,  into  fo  many 
hundred  thoufand  particles,  or  degrees,  as  the 
flandard  thermometer  in  this  very  degree  of  cold 
exhibited. 

Delifle' s  flandard  thermometer  is  of  very 
difficult  execution.  It  is  to  be  undertaken  in  a 
great  degree  of  cold;  which  all  the  time  the 
operation  lads,  mud  remain  unchanged.  Now 
the  degree  of  cold  changes  almod  every  hour. 
And  therefore  it  is  feldom  we  attain  to  that  de¬ 
gree  of  certainty,  that  the  divifion  of  the  degrees 
accurately  coincides  with  the  divifion  of  the  mafs 
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of  the  quickfilver.  We  are  therefore  to  pitch 
upon  a  certain  degree  of  cold,  which  we  know, 
continues  all  along  one  and  the  fame;  and  then 
to  compare  the  fpace  which  the  quickfilver  in 
the  thermometer  occupies  in  this  degree  of  cold, 
with  the  fpace  which  this  very  quickfilver  in  the 
thermometer  fills  up  in  the  heat  of  the  boiling 
water.  Turn  the  water  of  a  river  to  ice  when 
it  will,  the  degree  of  cold  by  which  the  ice  arifes, 
is  one  time  as  great  as  the  other.  This  has  been 
found  by  many  trials  as  well  in  the  water  of  the 
Neva ,  as  in  the  waters  of  Siberia.  The  experi¬ 
ments  in  the  Neva  were  made  by  profeifor  Jofias 
Weitbrecht ,  of  the  academy  of  fciences  of  Pet  erf- 
burg ,  with  a  thermometer,  which  M.  Delifie  ad- 
jufted  by  his  flandard  thermometer,  and  whofe 
internal  fpace  to  the  point  of  the  greatefi:  degree 
of  cold,  in  which  his  llandard  thermometer  was 
made,  he  divided  into  ioooo  parts.  Thefe  ex¬ 
periments  made  in  the  Neva  are  defcribed  in  the 
Comment ar ii  Acad .  Petropolit .  T.  VII.  p.  235, 
feqq.  In  Siberia  profeflor  Gmelin  in  November  and 
December  1 737,  and  in  January  and  February 
1738,  made  the  fame  experiments  with  all  ima¬ 
ginable  care;  and  every  time  obferved  one  and 
the  fame  degree  of  cold  as  well  in  running  as 
Handing  waters,  when  their  furface  is  covered 
with  ice.  The  quickfilver  in  Reaumur's  ther¬ 
mometers,  which  were  made  under  the  direction 

of 
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of  M.  Delifie ,  Hood  every  time  at  the  de¬ 

cree,  when  the  balls  of  the  thermometers  were 
under  the  ice  in  the  water,  how  great  foever  the 
degree  of  the  cold  of  the  air  and  ice  might  other- 
wife  be.  Profeffor  Gmelin  relates  this  in  the 
Comment.  Petropolit.  T.  X.  p.  30 3,  feqq. 

Profeßbr  Weitbrecht  has  therefore  pitched  upon 
the  degree  of  cold  of  the  water  turned  to  ice  for 
determining  a  fixed  point,  at  which  the  quick  - 
iilver  in  a  thermometer  remains  at  length  {land¬ 
ing,  when  taken  out  of  the  heat  of  the  boiling 
water,  and  always  left  to  a  lefs  degree  of  heat  of 
the  water  down  to  the  leah  thereof.  Now  as  he 
hung  the  faid  thermometer  of  M.  Delifie  which 
was  made  by  the  ftandard  thermometer  in  the 
itreanv,  the  quickfilver  remained  handing  at  the 
1520  degree,  when  the  water  of  the  Neva  was 
turned  to  ice.  He  examined  it  as  well  with  this 
as  with  another  thermometer,  at  different  times. 
The  quickfilver  ftiil  remained  handing  at  this 
verv  degree.  So  that  he  held  this  degree,  as  a 

I  2 

— 3  -  particle  of  the  whole  fpace  in  the  thermo- 

meter,  for  the  degree  of  cold,  in  which  water 
turns  to  ice.  But  he  came  to  fufpeft  this,  when 
he  examined  this  degree  of  cold  by  the  other 
thermometers  made  after  Delij le’s  handard,  the 
the  handard  thermometer.  In  thele  the  mer¬ 
cury  remained  handing  not  at  the  iy2d  degree, 

though 
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though  they  hung  in  the  very  fame  water,  whofe 
degree  of  cold  brought  the  mercury  in  the  firft 
thermometer  to  fubfide  to  the  faid  degree.  The 
difference  amounted  to  one,  two,  and  more  de¬ 
grees.  He  made  the  experiment  in  the  prefence 
of  M.  Delifie ,  when  he  hung  his  ftandard  ther¬ 
mometer  along  with  his  own,  which  was  adjufted 
by  it,  in  the  water  of  the  frozen  river.  In  his 
thermometers  of  Beiße ,  which  were  adjufted  by 
quickfilver  ftood  at  the  152b  degree,  and  in  the 
ftandard  thermometer  itfelf  only  at  the  1495th. 
If  iuftead  of  100000  particles  you  affume  10000, 
1495  will  come  to  the  fame  thing  as  149-. 
For,  100000  :  10000  :  :  1495  :  1494*  And 
thus  the  difference  confifted  in  2  4  degrees.  M. 
JVeitbrecht  therefore  examined  the  thing  by  new 
thermometers,  which  he  moftiy  executed  in  Be 
Iße’s  manner;  only  that  he  compared  the  fpace 
in  the  tube  of  the  thermometer  between  the 
place,  at  which  the  quickfilver  ftands  in  the  heat 
of  the  boiling  water,  and  between  the  place,  at 
which  it  ftands  in  the  cold  of  the  freezing,  with 
the  remaining  fpace  in  the  thermometer.  He 
proceeded  in  executing  thefe  thermometers, 
which  he  defcribes  in  the  Comment.  Petropolit. 
T.  VIII.  in  a  twofold  manner.  In  both  ways 
he  firft  of  all  weighed  the  empty  thermometer. 
And  in  the  firft  method,  he  filled  the  cylinder 
and  a  part  of  the  tube  with  quickfilver,  and 

weighed 


i6o 


\  > 
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weighed  this  mafs;  but  marked  the  place,  at 
which  it  Hood  in  the  cold  of  the  water  turned  to 
ice.  Then  he  marked  the  place,  to  which  it 
rofe  by  the  expanfion  in  the  heat  of  the  boiling 
water.  The  way  or  fpace  between  thefe  limits 
of  heat  and  cold,  he  meafured  out  or  divided 
into  ten  parts  of  a  line,  fuch  as  ten  lines  make 
an  inch,  and  twelve  inches  an  Eyiglift  foot.  Af¬ 
ter  having  meafured  this  way,  he  put  the  ther¬ 
mometer  again  in  water,  which  by  the  cold  was 
turned  to  ice,  and  filled  up  the  faid  way  or  fpace 
in  the  tube  with  quickfilver,  and  fought  the 
weight  of  this  addition.  In  the  fecond  method 
he  filled  the  thermometer  quite  to  the  top,  as  it 
flood  in  water  turned  to  ice,  and  weighed  the 
whole  mafs  of  the  quickfilver,  which  the  ther¬ 
mometer  contained  in  this  degree  of  cold.  Then 
he  conveyed  the  thermometer  into  warm  water, 
and  weighed  the  mafs,  which  by  the  heat  of  the 
boiling  water  was  forced  out  of  the  tube.  After 
this  he  fet  the  thermometer  again  in  Water, 
which  was  turned  to  ice,  and  marked  the  place 
at  which  the  fubfiding  mercury  remained  Hand¬ 
ing.  The  entire  fpace  in  each  thermometer  he 
divided  with  M.  Delifle  in  general  into  iooooo 
equal  parts.  In  the  one  thermometer  which  he 
called  A,  the  mercury,  which  in  the  cold  of  the 
freezing  water  flood  in  the  tube  at  the  place  A, 
weighed  1861  grains.  Then  he  filled  the  tu-be 
o  full 
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full  up  to  B.  And  then  the  whole  mafs  of  the 
quickfilver  weighed  1890  grains.  So  that  the 
quickfilver  in  the  fpace  AB*  between  the  limits 
of  the  heat  and  cold,  weighed  29  grains.  The 
length  of  the  fpace  confifbed  of  316  decimal  parts 
of  the  line.  The  mafs  1861  contained  therefore 

98465  parts  of  100000.  For,  1890  : 

100000  :  :  1861  :  98465  The  mafs  29 

in  the  fpace  AB  contained  1534  parts  of 

100000.  For,  1890  :  100000  :  :  29  :  1534 

- V*-  *  Did  we  incline  fo  to  lengthen  the  tube, 
2890  0 

as  that  it  fiiould  hold  all  the  quickfilver;  the 

length  of  the  fpace  which  j86i  grains  filled  up. 

Would  have  had  20278  decimal  parts  of  the 

line.  For,  29  :  1861  :  :  316  :  20278  The 
entire  length  of  the  whole  mafs  would  have  had 
20594  decimal  parts  of  the  line.  For,  29  : 

1890  :  :  316  :  20594  — .  Of  100000  particles 

29 

therefore,  there  come  984 65  to  the  length, 

20278  ~  which  1861  grains  would  have  filled 

up.  For,  20594  ~  :  100000  :  :  20278  ^  : 

98465  .  And  to  the  length  of  the  fpace 

597  24 
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2 1 6,  which  the  quickfilver  between  the  limits  of 
the  heat  and  cold  fills  up,  of  iooooo  particles* 

27884  r  14 

there  come  1524——  .  tor,  20304  —  :  iooooo 

59724  ^29 

,  23884 

■■  ■■  3l6  1  J53+ 


59724 


23884 


If  you  divide  the  fraftion  — — ^  by  316,  you 
1  59724  1 

have  a  fraction  of  equal  value.  And  thus 
I89  A 

of  iooooo  particles  or  fmall  parts,  there  come 

!534  "  to  the  length  of  the  fpace  AB,  And 

putting  10000  for  iooooo,  there  come  out  153 
4-  of  luch  10000  particles  for  the  quickfilver  in 
the  fpace  AB.  For  iooooo  :  10000  :  :  1534 

& '  v; 

Now  M  Weitbrecht  applied  himfelf  to  exa¬ 
mine,  whether  alfo  in  the  other  thermometers, 
the  fpace  of  the  quickfilver,  between  the  limits 
©f  the  heat  in  the  boiling  water,  and  the  cold 
in  the  freezing,  would  have  153  4-  degrees,  on 
giving  the  entire  fpace  10000  fuch  parts  or  de¬ 
grees  in  general.  He  made  five  more  experi¬ 
ments,  and  found  every  time  a  difference.  The 
faid  fpace  was, 

In  the  firfl  experiment  =  153  4  degr. 

In  the  II.  - - -  =  148  4 

In  the  ILL  =  161  -L 


In 
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In  the  IV* 
In  the  V* 
In  the  VI. 


=  J56i 
=  148  4 

=  149  -A 


This  difference  may  arife  from  a  fmall  error 
in  the  weighing.  In  the  thermometer,  which 
M.  Weitbrecht  had  adjufted  by  Delifle' s  flandard 
thermometer,  and  hung  at  the  fame  time  along 
with  it  in  the  water  of  the  Neva ,  covered  with 
ice,  the  quickfilver  flood  at  the  1 52d  degree, 
and  in  Delifle’ s  at  the  149th  Inflead  of  the 

100000  parts  he  allowed  only  10000  to  the 
whole  internal  fpace  of  the  quickfilver.  And 
on  deducting  152,  as  the  degree,  which  the 
quickfilver  traverfes  from  the  greatefl  heat  of 
the  water  down  to  the  lead,  from  10000;  the 
fpace  in  which  the  quickfilver,  contracted  or 
condenfed  by  the  cold  of  the  freezing  water,  is 
contained,  con  fills  of  9848  ten  thoufand  parti¬ 
cles.  The  quickfilver  contained  in  this  fpace  in 
the  thermometer,  which  M.  Weitbrecht  calls  A, 
weighed  1861  grains.  By  the  proportion,  which 
9848  has  to  10000,  the  mafs  of  the  quickfilver 
of  1861  grains,  with  the  other  mafs  in  the  fpace 
AB,  which  the  quickfilver  runs  through  from 
the  greatefl  degree  of  heat  of  the  water  down  to 
the  lead,  fhould  confiil  of  1889  4  grains.  For«, 

7128 

9848  :  10000  :  :  1861  :  1889  W- 

And  this  fraClion  divided  by  2462,  is  —  — 
I  r  «  M  2  nearly« 


/ 


i6  4 
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nearly.  But  the  weight  of  the  whole  mafs 
amounted  to  1890  grains.  So  that  J  of  a  grain 
in  the  weighing  was  given  too  much.  Were 
the  weight  of  the  entire  mafs  juftj  the  mafs, 
with  which  M.  Weitbrecht  filled  up  the  fpace 
AB  between  the  limits  of  the  leaft  and  greatefl 
degree  of  heat  of  the  water,  fhould  weigh  284 

grains.  For,  10000  :  1800  :  :  1/52  :  28  * 

u  10000 


And  this  fra&ion  divided  by  2427,  is  = 
nearly.  But  the  mafs  in  the  faid  fpace  weighed 
29  grains.  And  thus  its  weight  was  affigned 
about  l  too  great.  As  the  error  is  fo  fmall;  it 
appears,  the  divifion  of  the  way  or  fpace,  which 
the  quickfiiver  traverfes  from  the  greatefl  de¬ 
gree  of  heat  of  the  water  down  to  the  lead,  into 

_L52-  of  a  particle  or  degree  might  be  affumed 
1 0000  r  0 

as  a  rule,  by  which  the  degrees  of  heat  and  cold 

might  be  pretty  accurately  determined  and 

judged  of. 


But  if  you  afllgn 


J_5i L 

I OÖOO 


of  a  particle  to  the 


length  of  wray,  which  the  quickfiiver  accom- 
plifhes,  when  carried  from  the  greatefl  heat  of  the 
water  to  the  leafh  the  error  is  juft  as  fmall,  and 
which  may  have  flipt  in,  in  the  weighing-,  and 
confequently  we  have  in  this  divifion  juft  as  good 
a  rule  for  determining  the  degrees  of  the  heat  and 
cold.  For,  deducting  150  from  10000,  there 


come 
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come  to  remain  9850  fuch  particles  to  the  fpace, 
which  the  quickfiiver  in  the  cylinder  and  tube 
occupies  to  the  place,  at  which  it  {lands  in  the 
cold  of  the  freezing  water.  In  this  place  the 
quickfiiver  in  W dtbrechfs  thermometer,  which 
was  above  called  A,  weighed  1861  grains.  And 
thus  by  this  reckoning  there  come  1889  4  grains 
to  the  whole  fpace.  For,  9850  :  10000  :  : 

1861  :  1889  And  this  fradlion  divided  by 

335»  1S  —  t  nearly.  The  quickfiiver  in  the 
whole  fpace  weighed  1890  grains.  So  that  the 
balance  gave  4  of  a  grain  too  much.  And  juft 
by  fo  much  was  the  weight  of  the  quickfiiver  in 
the  fpace  A  B,  between  the  limits  of  the  greateft 
and  leaft  degree  of  heat  of  the  water,  too  great, 
when  on  weighing  the  whole  mafs  there  had 
been  no  error  committed.  On  the  balance  the 
quickfiiver  in  the  faid  fpace  AB  weighed  29 
grains.  But  by  the  calculation  it  fiiould  weigh 

only  284.  For,  10000  :  1890  :  :  150  :  28 
350 

,  which  fraction  is  =  l  nearly,  on  dividing 

IOOO  J  Zd 

it  by  350. 

In  Delifle* s  ftandard  thermometer,  the  fpace  of 
the  quickfiiver  within  the  limits  of  the  greateft 

and  leaft  degree  of  heat  of  the  water,  was 

100000 

of  a  particle,  or  fmall  part.  And  deducting  1495 

M  3  from 
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from  xooooo,  the  remaining  fpace  is  98505. 
Now  had  the  quickfilver  in  this  fpace,  in  Weit¬ 
er  echt*  s  thermometer  A,  weighed  1861  grains, 
it  had  only  weighed  1889  \  grains  in  the  whole 
fpace.  For,  98505  :  100000  :  :  1861  :  1889 

.  And  the  fraction  divided  by  24055,  is 

98505  ; 

=  f.  And  thus  the  balance  has  given  -J-  of  a 
grain  in  weight  too  much.  And  juft  this  the 
calculation  fhews,  on  feeking  the  error  of  the 
weighing  in  the  mafs  of  mercury,  which  the 
fpace  AB,  between  the  limits  of  the  greateft  and 
lead  degree  of  heat  of  the  water,  contained. 

25550 

100000  :  1890  :  :  1495  :  28 - 

7  100000 

As  the  error,  which  by  the  calculation,  falls 
to  the  weighing  the  quickfilver,  is  every  time 
very  fmall  j  whether  you  afiign  the  fpace  which 
the  quickfilver  runs  over,  from  the  greateft  down 
to  the  leaft  degree  of  the  heat  of  the  water,  in  a 
thermometer,  either  152  degrees,  or  150,  or 
149  \  :  And  fo  one  is  at  a  ftand  which  of  the 
three  numbers  to  fix  on  for  the  faid  fpace.  M. 
Weitbrecht  fought  more  accurately  to  determine 
the  weight  of  the  quickfilver,  on  ufing  the  hy- 
droftatical  balance,  defcribed  by  Gravefande  in 
his  Elementa  Vhyfices ,  §.  271.  He  therefore  con¬ 
tinued  to  make  experiments  with  three  thermo¬ 
meters,  ufing  all  the  circumfpeftion  poffible; 

but 
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but  in  the  calculation  found  no  agreement 
among  the  experiments;  and  the  error,  which 
in  the  weighing  might  have  Dipt  in,  in  all  the 
three  numbers  152,  150  and  .149  i,  confided  in 
a  minutia,  or  very  fmall  matter.  The  reafon, 
why  this  error  cannot  be  avoided,  lies  in  the 
quickfilver.  For,  be  the  thermometer  filled 
either  in  the  cold  or  in  the  heat,  you  feldom 
fucceed,  to  have  the  quickfilver  Hand  at  equal 
height  with  the  aperture  of  the  tube,  and  fully 
apply  to  the  internal  rim  of  the  glafs,  as  remov¬ 
ing  to  a  didance  from  the  internal  rim,  and 
forming  in  the  middle  a  fmall  eminence.  And 
thus  in  the  fpace,  which  the  quickfilver  has  tra- 
verfed  from  the  greated  down  to  the  lead  de¬ 
gree  of  heat  of  the  water,  there  may  very  eafily 
be  a  fmall  globule,  and  confequently  in  the 
weight  a  third  or  half,  or  a  whole  grain,  either 
too  little,  or  too  much.  And  as  thus  there  are 
no  hopes  of  coming  to  a  perfedl  harmony  in 
experiments :  The  quedion  is,  which  of  the  three 
numbers  150,  152,  149  f  we  are  to  pitch  upon 
for  the  fpace  of  the  quickfilver  between  the 
created  and  lead  degree  of  heat  of  the  water? 
The  length  of  the  {pace  remains  one  and  the 
fame,  whether  you  divide  it  into  150,  152,  or 
149  i  degrees.  But  the  fmgle  degrees  in  the 
one  number  differ  in  length  from  the  fingfe  de¬ 
grees  in  the  others.  Yet  that  difference  in  ther- 

M  4  mometers, 
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mometers,  where  one  degree  is  fcarce  T3-er  of  a 
line,  or  \  of  a  line  in  length,  is  fo  fmall  as  not  to 
be  diflinguifhable  by  the  eye.  If,  for  inftance,  in 
the  number  150,  the  length  of  a  degree  is  =  T%- 
of  a  line;  fo  a  degree  in  the  number  1 53  is  about 
.-4-Ö  particle  of  a  line  lefs.  For,  both  numbers 
reprefent  one  and  the  fame  length  of  the  fpace 
between  the  limits  of  the  greateft  and  leaft  de¬ 
gree  of  heat  of  the  water.  Now  if  a  degree  in 
the  number  J52,  as  well  as  a  degree  in  the  num¬ 
ber  150,  was  —er  of  a  line;  the  fpace  which  the 
number  152  denotes,  would  be  about  of  a 
line  too  long*  For,  multiplying  both  numbers 
by-sV;  the  number  150  is  =  Vo°?  and  the  num~ 
ber  152  ==  V06  •  And  therefore  for  the  number 
152  to  denote  no  longer  a  fpace  than  the  number 
150;  each  of  a  particle  mull  differ  in  quan¬ 
tity  from  a  -rf  ^  of  a  particle,  and  be  by  fo  much 
lefs,  that  the  fmall  quantities,  wanting  to  the  152 
particles,  final]  make  out  -j%-  of  a  line  in  150  de¬ 
grees.  Now  dividing  1 50  by  the  quotient 
fhews,  what  part  of  the  line  comes  to  of  a 
particle,  or  to  a  degree.  But  in  order  to  divide 
j  50  by  r-o,  you  reverfe  the  fra&ion,  and  multiply 
the  fra&ion  thence  arifing,  by  **4-.  The 
produdt,  thereby  coming  out,  is  =  1 54  °.  And 
dividing  the  numerator  by  the  denominator,  the 
quotient  is  =  250.  And  thus  a  degree  in  the 
pumber  150  is  about  vt*ö  of  a  particle  of  a  line 

greater 
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greater  than  a  degree  in  the  number  152.  This 
difference  remains  undiftinguifhable  to  the  eye: 
Neither  would  it  be  diftinguifliable,  though  in 
the  number  150  a  degree  was  =  I  line.  For, 
as  the  number  152  denotes  no  greater  length 
than  the  number  150,  you  have  2  half  lines, 
that  is,  one  whole,  to  be  fhared  out  among  1 50. 
And  fo  to  one  degree  there  comes  of  a  particle 
of  a  line.  And  on  comparing  the  number  150, 
in  which  a  degree  is  equal  to  -V  of  a  line,  with 
the  number  149!;  a  degree  in  the  number  150 
Is  about  -roW  of  a  particle  of  a  line  lefs  than  a 
degree  in  the  number  149  !.  Both  numbers  differ 
about  f  degree,  and  confequently  about  da-  par¬ 
ticle  of  a  line,  from  each  other,  when  a  whole 
degree  is  -do  of  a  line.  For,  a  fra&ion  is  the 
half  of  another,  when  having  the  fame  numera¬ 
tor  therewith,  its  denominator  is  twice  as  great 
as  that  of  the  other.  So  that  -do  is  to  be  fhared 
out  among  150  degrees;  that  is,  150  to  be  di¬ 
vided  by  TV.  And  if  thus,  according  to  the  rule 

t 

of  divifiori  in  fra&ions,  1  *r-  be  multiplied  by 
'Y>  the  product  is  =  3-Tp- .  And  therefore  di¬ 
viding  the  numerator  by  the  denominator,  the 
quotient  is  =  1000.  If  in  the  number  150  a  de¬ 
gree  is  =  \  of  a  line,  fuch  a  degree  is  about  -$%-o 
of  a  particle  of  a  line  lefs  than  a  degree  in  the 
number  149!.  For,  the  half  degree,  about  which 
both  numbers  differ  mutually,  makes  out  i  of  a 
3  line. 
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line.  If  therefore  x-f”  be  multiplied  by  4,  the 
produd"  is  =  -T-9  and  thus  the  quotient  = 
600,  Befides,  that  a  degree  in  the  number  15a 
differs  infenhbly  in  quantity  from  a  degree  in 
the  numbers  152  and  149-5-?  the  divifion  of  the 
fpace?  which  the  quickfilver  runs  over  in  the 
tube  of  the  thermometer  from  the  greateft  de¬ 
gree  of  heat  of  the  water  down  to  the  leaft? 
comes  near  eft  to  the  experiment  by  Belifle' s 
ftandard  thermometer?  on  which  this  very  fpace 
is  marked  149t  degrees.  And  thus  we  have 
reafon  to  prefer  the  divifion  of  this  fpace  into 
15°  degrees  to  both  the  others?  viz.  152  and 
14  9f. 

M,  Wehbrecht  therefore  in  his  diftertation  de 
Thermometris  concordantibus ?  contained  in  the  Com¬ 
ment,  Petropoi.  T.  VIII.  §.  16.  gives  the  follow¬ 
ing  diredion  for  executing  thermometers  mutu¬ 
ally  harmonious.  Take  a  glafs  tube?  at  which 
below  is  a  lo  mew  hat  wide  cylinder.  Its  diameter 
may  be  3,  4?  alfo  five  lines?  and  the  length  from 
2  to  3  inches.  The  diameter  of  the  tube  may 
be  from  f  to  Vo-  of  a  line?  and  the  length  from 
10  to  12  inches.  This  inftrument  you  fill  with 
pure  quickfilver,  as  far  as  you  will?  and  you  fet 
it  in  boiling  water?  and  then  in  freezing:  And 
you  mark  as  well  the  point?  which  the  quickfil- 
ver  reaches  in  the  heat  of  the  boiling  water?  as 
the  point?  at  which  it  remains  handing  in  the 

cold 
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cold  of  the  freezing  water.  The  length  of  the 
fpace  between  both  thefe  points  you  fet  off  on  a 
furface  at  the  thermometer,  which  you  may  call 
the  divifion-table;  and  you  divide  the  laid  length 
into  150  equal  parts  or  degrees.  You  begin  the 
reckoning  at  the  point,  at  which  the  quickfilver 
Food  in  the  heat  of  the  boiling  water.  And 
where  150  ffands,  there  is  the  point,  at  which 
the  quickfilver  ffands  in  the  leaff  heat  of  the 
water,  as  it  begins  to  turn  to  ice.  Under  this 
point  the  divifion  begun  is  fo  far  carried  on,  as 
the  length  of  the  tube  admits.  Did  you  chufe 
to  carry  on  the  divifion  above  200  up  to  300, 
you  are  fo  to  order  and  fill  the  thermometer, 
that  the  quickfilver  in  the  cold  of  freezing  water 
fhall  reach  to  about  the  middle  of  the  tube. 
The  circumffances  neceffary  to  be  obferved  in 
executing  the  inftruments,  in  filling  them  and 
preparing  the  divifion- table,  are  recounted  17. 
ibid. 

As  the  cavity  of  the  glafs  cylinder  turns 
larger  by  the  heat  of  the  boiling  water,  and  lefs 
by  the  cold  of  the  freezing:  A  doubt  arifes, 
whether  the  fpace  which  the  quickfilver  occupies 
in  the  thermometer  in  the  greateff  degree  of  the 
heat  of  the  water,  is  accurately  and  in  fa<ff,  to 
the  fpace,  which  it  fills  up  between  the  limits  of 
the  greateff  and  leaff  degree  of  the  heat  of  the 
water,  as  10000  to  150?  M,  / Veitbrecht  owns, 

that 


iyz 
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that  this  cannot  be  affirmed  with  truth :  But 
then  he  hints*  that  we  only  want  to  know  the 
ratio  of  both  the  determined  fpaces  to  each 
other,  in  fo  far  as  the  quickfilver  is  in  an  inftru- 
ment,  whofe  internal  fpace  is  variable.  And 
here  you  may  confider  profeflbr  Kraft's  Differ ta- 
tio  experiment  alls  de  ¥  hermometris ,  which  is  con¬ 
tained  in  the  Comment .  Petropolit .  T.  IX.  p.  241. 

§.  124.  And  thus  in  thefe  three  thermometers» 
that  of  Fahrenheit ,  Reaumur  and  Deliße ,  having 
determined  a  fpace  between  two  known  and 
lixt  points,  and  divided  it  in  each  thermome^ 
ter  into  certain  aliquot  or  equal  parts,  called 
degrees,  you  may  now  compare  thefe  degrees  in 
the  three  thermometers  with  each  other»  The 
fpace  between  both  the  points  in  Deliße's ,  con- 
fifts  of  150,  and  in  Reaumur's  of  90  degrees. 
And  thus  5  degrees  in  Deliße's  make  3  in  Reau * 
mur's ;  and  confequently  3  in  Reaumur's  make  5 
in  Deliße's .  For, 

J5°  •  90  :  :  5  :  3,  and 
90  :  150  :  :  3  :  5. 

In  Fahrenheit's  thermometer  the  faid  fpace  con- 
iifts  of  180  degrees,  §.  159.  And  thus  c  de- 

v' 

&recs  in  Deliße  s  make  6  in  Fahrenheit’ s,  and 
confequently  6  in  Fahrenheit’s  make  5  in  Deliße’s. 
For, 

150  :  180  :  :  5  :  6,  and 
180  :  150  :  :  6  :  5. 
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I  )  . 

§.  125.  In  order  to  reduce  a  number  of  Reau¬ 
mur’s  degrees,  as  for  inftance,  32,  into  thofe  of 
Delifle,  you  are  to  multiply  this  number  32  by 
4»  For,  3  of  Reaumur’s  degrees  give  5  of  De¬ 
lifle’s,  So  that  by  the  rule  of  three  you  are  to 
multiply  the  third  number,  as  here  32,  by  the 
fecond  5,  and  divide  the  produdt  by  the  firft. 
That  is,  4  x  32.  The  produbt  of  which  is  = 
*~4~'  —  53t*  And  thus  32  of  Reaumur’s  degrees 
give  53 4  Delifle’s.  In  order  to  reduce  a  num¬ 

ber  of  Delifle’s  degrees,  as  for  inftance,  534,  into 
Reaumur’s ;  this  number  534,  you  are  to  multiply 
by  4*  For,  5  of  Delifle’s  degrees  give  3  of 
Reaumur’s .  And  that  is  4  x  534»  Now  534 
was  equal  to  And  therefore  you  fet  down 

4  x  The  product  of  which  is  =  \ST°» 

And  dividing  the  numerator  by  the  denomina¬ 
tor,  the  quotient  fhews,  that  534  of  Delifle’s  de¬ 
grees  make  32  of  Reaumur’s.  And  having  to 
reduce  a  number  of  Fahrenheit’s  degrees,  as  fup- 
pofe  60,  to  thofe  of  Delifle’s ,  you  are  to  multiply 
this  number  by  4*  And  thus  you  fet  down  4 
X  60.  For,  6  of  Fahrenheit’s  degrees  give  5  of 
Delifle’s .  The  produdf  of  4  x  60  is  =  ^4-. 
And  dividing  the  numerator  by  the  denomina¬ 
tor^  the  quotient  Ihews,  that  60  of  Fahrenheit’s 
degrees  are  =  50  of  Delifle’s,  And  thus  to  re¬ 
duce  a  number  of  Delifle’s ,  as  50,  into  Fahren - 

belt’s^ 
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belt's,  you  are  to  multiply  this  number  50  by  ■§•- 
And  thus  ~  x  50  =  ~~~  =  60. 

§.  126.  In  thefe  three  thermometers  if  the 
freezing  point  was  marked  O;  and  the  degrees 
of  heat  reckoned  upwards  from  O,  and  thofe  of 
cold  downwards  from  O:  In  reducing  the  de¬ 
grees  of  the  one  into  thofe  of  the  other  no  fur¬ 
ther  trouble  would  be  neceffary.  As  fuppofe 
the  fpirit  of  wine,  or  the  mercury  flood  in  Reau - 
mur* s  thermometer  32  above  O,  it  is  evident 

from  the  produdl  of  4  x  32,  that  the  quickfilver 
in  Deliflc's  muft  hand  53 1  above  O,  fuppofing 
both  thermometers  expofed  to  the  fame  degree 
of  heat.  But  the  freezing  point  in  Reaumur's 
thermometer  is  marked  O,  and  in  Dslifle's  150. 
In  Reaumur's  you  reckon  the  degrees  of  hea^ 
upwards,  going  up  from  O;  and  in  DellJIe's 
downwards,  in  the  reckoning  going  down  from 
the  point  of  the  greatefl  degree  of  heat  of  the 
water.  And  therefore  to  reduce  a  degree  of 
Reaumur's  above  O  to  one  of  Delifle* s ;  Reaumur's 
degree  muff  be  dedudted  from  150.  For,  the 
degrees  above  O  in  Reaumur's  approach  to  the 
point  of  the  greatefl  heat  of  the  water.  And 
even  this  happens,  on  deducting  a  number  of 
degrees  from  1 50.  In  order  to  reduce  a  degree 
of  Reaumur's  under  O  into  one  of  Delifle's ,  you 
muft  add  the  degree  of  Reaumur's  to  150.  For 
in  both  thermometers  the  degrees  under  O  inai- 
3  oate 
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cate  a  greater  degree  of  cold  than  the  cold  of 
the  freezing  water.  Now  as  in  Delifle’s  the  cold 
of  freezing  water  is  denoted  by  150;  you  have 
to  add  thereto  the  degrees  in  Reaumur’s  thermo¬ 
meter  under  O,  after  reducing  them  into  thofe 
of  Delifle’s.  ProfelTor  Heinfius  long  fince  devifed 
the  following  formula  for  the  purpofe, 

I  =  150  +  4  x  R. 

I  denotes  a  degree  of  Delifle' s,  and  R  one  of 
Reaumur  s,  and  the  lign  — — ,  fubftraffion ;  the 
4  addition,  üfou  put  the  ilgn  — ,  when 
Reaumur' s  degree  is  above  O,  and  the  fign 
when  under  O.  As,  if  R  ==  32  above  O;  then 
I  =  150  —  4  x  32  =  964.  For,  4x32  = 
xr-  In  order  to  fubftraft  this  number  from 
15°,  you  turn  150  into  the  fraction  -4-,  and 
reduce  both  fractions  to  one  denomination,  by 
multiplying  the  firft  fraftion  ->-4“  by  the  deno¬ 
minator  of  the  fecond  3 ;  and  the  fecond  fraction 
■*4-  by  the  denominator  of  the  firft  j;  and  you 
have  the  fractions  ^4°  and  And  deduftino- 
the  laft  from  the  firft,  there  remains  -4°,  and 
dividing  the  numerator  by  the  denominator,  the 
quotient  is  96^,  If  R  under  O  was  =  21,  F 
would  be  =  150  ft  |  x  21  =  185. 

In  order  to  find  from  a  degree  of  Delifle' s  I  a 
degree  of  Reaumur's,  Rj  you  are  firft  to  reduce 
that  of  Delifle’s  to  that  of  Reaumur’s .  If  this  re¬ 
duced  degree  is  above  the  freezing  point,  you 
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rtiufl  dedudt  it  from  90  degrees  of  Reaumur' s. 
For,  in  Delifle's  thermometer  the  degrees  are 
reckoned  downwards.  So  many  fuch  degrees 
therefore  as  are  reckoned  in  Delifle' s,  fo  many 
you  take  from  90  degrees  in  Reaumur's  thermo¬ 
meter.  Profeffor  Heinfius  has  therefore  given 
the  following  formula, 

*  R  =  90  —  4*1 

As  if  the  degree  of  the  heat  I  =  no;  R  is  ==* 
90  —  4  x  110  =  24. 

If  Delifle' s  degree  is  under  the  freezing  point, 
the  number  confifts  of  the  degrees  above,  and 
of  thofe  under  the  freezing  point  1 50.  If  there¬ 
fore  this  number  is  reduced  to  the  decrees  of 
Reaumur9 thefe  in  like  manner  confift  of  the 
degrees  above  and  under  the  freezing  point. 
But  in  Reaumur's  the  degrees  of  cold  are  rec¬ 
koned  without  the  degrees  above  the  freezing 
point.  So  that  you  have  to  dedudl  90  degrees 
from  the  reduced  degrees,  arifing  from  Delifle9 s 
degrees.  As,  if  I  =  185,  R  —  4  x  185  —  90 
=  21. 

If  Deltfle's  degrees  are  under  the  freezing 
point,  you  need  alfo  only  deduct  from  them  the 
number  150.  And  thus  you  have  the  bare 
number  of  Ddifle's  degrees  under  the  freezing, 
point*,  as,  185  —  150  =  35.  And  cjien  thefe 
35  degrees  are  reduced  to  Reaumur' s,  and  thus 
give  21  of  Reaumur's.  For  5  :  3  :  :  35  :  21. 
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In  Fahrenheit's  thermometer,  the  fpace  from 
the  point  of  the  cold,  produced  with  ice  and  fal- 
armoniac,  to  the  point  of  the  heat  of  boiling 
water,  is  divided  into  212  degrees;  which  are 
equal  to  1764  of  Belifle' s.  For,  6  :  5  :  :  212  : 
1764.  In  Fahrenheit's  thermometer  the  degrees 
above  O  are  reckoned  upwards  from  O.  In 
Belifle' s  you  go  downwards  in  reckoning.  Hav¬ 
ing  therefore  a  degree  above  O  in  Fahrenheit's , 
and  willing  to  know  what  degree  it  makes  in 
Belifle' s ,  you  are  to  reduce  it  to  Belifle' s  degrees, 
and  deduct  it  from  1764.  Whereas  having  in 
Fahrenheit's  thermometer  a  degree  under  O,  and 
inclining  to  know  what  degree  it  makes  in  Be - 
Ufle' s,  you  are  to  reduce  it  to  Belifle' s,  and  add 
it  to  1764.  For,  thefe  1764  degrees,  ftanding 
in  Belifle' s  thermometer  at  the  point,  which  in 
Fahrenheit's  is  marked  O,  are  carried  on  farther 
under  O.  And  thus  you  are  to  add  to  them 
the  degrees,  which  in  Fahrenheit's  ftand  under 
O.  The  formula  therefore  given  by  pr’ofeflor 
Heinfius  is  thus, 

I  =  1764  +  4  x  F. 

The  fign  of  fubflrabtion  —  holds,  wdien  Fahren¬ 
heit's  degree  is  above  O.  As,  if  F  =  80  above 
O;  I  is  =  1764  — 4  x  So  =  no.  The  fign 
of  addition  +  takes  place,  when  Fahrenheit's  de¬ 
gree  is  under  O.  As,  if  F  =  58  under  O,  I  is 
—  1764  +  4  x  58  =  225. 

Vol.  L  N 
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If  a  degree  of  Delifle' s  is  given,  and  you  want 
to  know,  that  anfwering  to  it  in  Fahrenheit's-, 
you  are  firft  to  reduce  Delifle' s  to  Fahrenheit's  by 
the  ratio  that  is  between  Delifle' s  and  Fahrenheit's 
degrees  §.  125;'  and  then  fubffradt  the  number 
thence  ariiing  from  212.  For,  in  Delifle' s  ther¬ 
mometer  you  reckon  from  the  point  of  the 
greateft  heat  of  the  water  downwards;  and  in 
Fahrenheit's  upwards  to  this  point.  Now  lo 
many  degrees  as  are  reckoned  downwards,  fo 
many  are  abated  of  thofe  reckon’d  upwards. 
And  tnerefore  you  are  to  dedudt  Delifle' s  degrees* 
reckoned  downwards,  and  reduced  to  Fahren¬ 
heit's  degrees,  from  Fahrenheit's  212.  From  a 
given  degree  of  Delifle' s  I  to  find  that  of  Fahren¬ 
heit's  F,  profelfor  Heinflus  gives  this  formula, 

F  =  212  —  4  x  I* 

As,  if  I  =  no,  F  is  =  212  —  ~  x  no  =  8o* 
If  Delifle' s  is  greater  than  1 764 ;  212  is  deduced 
from  ~  x  1.  And  the  remainder  Ihews  the  de¬ 
grees,  that  afcend  above  the  number  212,  and 
thus  are  under  O.  As,  if  I  =  225,  F  is  =  4 
x  225  I  —  212  =  58,  under  O. 

From  the  obfervations  made  on  the  degrees 
of  heat  and  cold  in  different  parts  of  the  earth, 
either  with  Fahrenheit' s,  Reaumur's,  or  Delifle' s 
thermometer,  profelfor  Heinflus  has  formed  a 
table;  in  which,  peculiarly  remarkable  inftances 
of  heat  and  cold  are  exhibited  throughout  by 

the 
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the  graduation  of  Delifle's  thermometer.  On 
which  in  the  year  1746,  May  5,  he  read  a  lec¬ 
ture  in  the  library  of  the  univerfity  of  Lipfick 
before  the  young  princes  of  Saxony,  Frederick 
Chriftian ,  and  Xaverius. 


Greateft  Degree  of  Heat. 


Place  of  obfer- 
vation,  alfo  fome 
remarkable  de¬ 
grees. 


Latitude  of 
the  place. 
Degr.  iVIin, 


Time  of  ohfer- 
vation  N.  Stile. 
Year  Mon.  Day. 


Degree 
of  the 
therm  Or 
meter. 


Boiling  water. 
The  Prude l  water 
in  the  bathing- 
tub  at  the  Caroline 

bath. 

The  new  Spring- 
water. 

The  Mühlen  bath . 
Senegal  at  the 
mouth  of  the 
Niger, on  the  weit¬ 
ern  coa&of Africa.  j 
Aleppo  in  Syria. 
Pondichery  on  the 
COaft  of  Coroman¬ 
del ,  E .  Indies. 

Heat,  with  which 
chickens  are 
hatched. 

Leipfick. 

Pur  in. 

Caroline  bath. 
Paris. 

St.  Domingo  in 
Hifpaniola. 

Utrecht. 

Peterßurg  in 
Inger  man  land. 


16 

35 

1 1 


51 
44 

5° 

48 

18 

52 

60 


o  North 

45  N- 

30  N. 


22  N. 
50  N. 
10  N- 
50  N. 

o  N. 

12  N. 

o  N. 


1738 

1736 


1748 

1739 

■75‘ 

*736 

‘735 

'739 

1738 


April  I  2 
Sept.  8 


1 737  June  7 


o 


4U 

62} 


861 

93J 


9  Si 


96! 

99k 


July  13 
June  24.  j  IOO 
July  27 

Jub  3° 


July  30 
June  14 


101I 

ico| 


1003- 

1021 


103 


N 


Greateft 
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Greateft  Degree  of  Heat. 


Place  of  obfer. 
vation,  alio  fome 
remarkable  de¬ 
grees. 

Latitude  of 
the  place. 
Degr.  Min. 

Time  of  obfer  - 

vation.  N.  Stile. 

Year. Mon.  Dav. 

' 

Degree 
of  th$ 
thermo 
j  meter. 

The  ifle  de  Bour¬ 
bon  on  the  eaftern 
CO  a  ft  of  Madagaf- 
car. 

22 

o  South 

034 

fan. 

24 

r°3| 

Sy lan ehe  on  the 
coaft  of  Peru  in 
America. 

O 

o 

1 

O36 

May 

16 

i°3t 

Bay  Antongil  on 
the  eaft  coaft  of 
Madagafcar. 

16 

o  S. 

1 733 

Jan. 

*5 

105 

Algiers  in  Africa . 

36 

49 4  N- 

1736 

7u/y 

28 

I05 

Berlin . 

52 

33  N- 

*732 

May 

27 

105 

Monte  Chrifii  on 
coaft  of  Peru. 

i 

i  s. 

1 736 

Mar. 

21 

106 

Under  the  asqua- 
tor  in  a  ihip  at 
Sea. 

0 

© 

J732 

Feb. 

1 

20 

106  J 

Under  the  equa¬ 
tor  in  a  ihip  at 
fea. 

0 

o 

1 735 

May 

24 

1 10 

Puerto  ajejo  on  the 

coaft  of  Peru. 

o 

o 

: 

1 736 

Mar . 

3° 

1  io§ 

Nerczinß  in  Sibe¬ 
ria,  on  the  Chinefe 
borders. 

51 

56  N. 

*735 

Jub 

25 

1 1 2 

XJpJal  in  Sweden. 

59 

5*t  N. 

1 739 

jay 

1 2 

Quito  in  Peru. 

o 

1 3  S. 

>736 

June 

I20| 

Common  and 
mild  fummer 
heat. 

I  22 

The 
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The  leaf!  Degree  of  Heat,  or  the  greateh;  Degree 

of  Cold. 


Place  of  obfer- 
vation,  alfo  fome 
remarkable  de¬ 
grees. 

Latitude  of 
the  place. 
Degr.  Min. 

Time  of  obfer- 
vation- 

Year.  Mon. Day. 

Degree 
of  the 
thermo 
meter. 

The  ille  de  Bour - 

1 

Ion  on  the  eaftern 

coait  of  Madagaf- 

car. 

22  0  S. 

1734  Aug.  22 

II  61 

P  ondicberry . 

11  30  N. 

1737  Nov.  26 

I  2  C)| 

Senegal. 

16  0  N. 

1738  April  15 

1 2'6| 

Gualea  on  the 

coait  of  Peru. 

©  0 

1 7  3  6  June  2 

1281 

Cadiz,  in  Spain. 

36  334  N. 

1 73  7  Jan'  8 

131! 

Algiers. 

36  49*-  N. 

1 736  Jan.  9 

I31! 

Temperate  in  the 

deep  cave  of  the 

obfervatory  at 

, 

Paris. 

Jerufalem . 

Quito  in  Peru. 
Freezing  water. 
Diarbeker  on  the 
Niger,  on  the  bor¬ 
ders  of  Perfia. 
Padua  in  Italy. 
On  the  mountain 
Pkhincha  near 
Quito  in  Peru. 
Bagdat  in  AJJyria. 
Bmrdeaux . 

London . 

Paris. 

Paris. 

Paris. 

Liffeck. 

Mount  Cenis  un¬ 
der  the  Alps ,  on 
the  road  from 
Burin  to  France. 


31  50  N. 

1736  Mar. 

0  1 3  S. 

1736  June 

37  3°  N- 

1736  i\W. 

45  28  N.  ! 

1730  Dec . 

i 

0  1 1  s. 

1736 

33  15  N- 

1 737  7an- 

44  5°1  N- 

1 740  FVF 

5 1  3 1  N- 

1 740  ‘7^». 

48  50  N. 

1 740  Feb. 

1754 

1  /  09 

5 1  22  N. 

1 748  Mar. 

30 


20 

23 


3i 

25 

5 

25 

7 


[  1 740  Feb. 


■36f 

‘36f 

I5O 


I5O 

*54 


x56? 

1 56I 
1 6o| 

1 66-5 

>67! 

l69/i 
'75i 
1 76*- 


N 


■76; 

-  The 
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The  leaft  Degree  of  Pleat,  or  the  great  eft  Degree 

of  Cold. 


Place  of  obfer- 
I'ation,  alfo  fome 
remarkable  de¬ 
grees. 


Latitude  of 
the  place. 
Degr.  Min. 


Time  of  obfer- 
vation. 

Year  Mon.  Day. 


Degree 
of  the 
thermo¬ 
meter. 


In  Iceland  from 
adju fting  Fahren¬ 
heit1^  thermome¬ 
ter. 

Leyden . 

Berlin. 

Wittenberg . 
Dantzick. 


Upfal  in  Sweden. 
P eterjburg. 
Cafan. 

Kerczinjk  in 


Siberia. 

Irkutfn  in  Siberia. 
Fahrenheit's  arti¬ 
ficial  cold  from 
mixing  fpirit  of 
nitre  and  damped 
ice.  Vid.  Boer- 
ha<v.  Chym.  T.  I. 
p,  147.  VAit.LeipJ. 
Borne  a  in  Lap- 
land. 

Kiachta  in  Siberia 
on  the  Cbinefe 
borders. 

On  the  Riphean 


mountains  be¬ 
tween  Werchaiu- 


ria  and  Solikanjk 
in  RuJJla , 

Kir  inj  km-  Oßrog 

on  the  Lena  in 
Siberia. 


65 

N 

i 

52 

1 7 

N. 

52 

33 

N. 

51 

48 

N. 

54 

22 

N. 

59 

51: 

\N. 

60 

0 

N. 

55 

44 

N. 

51 

56 

N. 

52 

*7 

N. 

?7°9 

Jan: 

>76! 

I74° 

1 1 

1774 

1740 

Feb. 

7 

183t 

1740 

Jan. 

1 1 

1 85 

*74° 

Jan. 

1 1 

187 

1740 

Feb. 

5 

192 

1 74° 

Feb . 

5 

201 

1 73  3 

Dec. 

28 

201 

1736 

Jan. 

20 

206 

1 73  5 

207 

65  51  N. 

50  20  N. 


1 73  7 
>736 


210 

212 

225 


Dec. 

Dec.  8 
Jan.  20 


238 

270 

2  75 
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In  order  with  accuracy  to  know  the  degrees 
of  heat  and  cold  in  different  countries,  and  fea- 
fons  of  the  year,  it  is  neceffary  that  the  obfervers 
fo  place  their  thermometers  in  the  free  air  to 
the  north,  that  the  fun  at  no  time  fhall  ft  r  ike 
thereon.  And  in  order  to  give  an  account  of 
obfervations,  it  is  alfo  neceffary  to  remark,  whe¬ 
ther  adjoining  walls  reflect  the  fun’s  rays  or  no  * 
and  whether  the  thermometer  Hands  in  the  firft, 
fecond  or  third  ftory. 

§.  127.  To  what  degree  folid  bodies,  in  par- 
ticular  metals,  may  expand  by  fire,  the  pyro¬ 
meter  ffiews,  an  invention  of  Mufchenbroeck ’s9 
defcribed  in  his  commentary  on  the  'Tentamina 
Florentina ,  P.  II.  p.  112.  feq.  with  the  many 
experiments  made  with  this  fire-gage.  This 
pyrometer  he  has  fo  ordered,  that  an  ©diagonal 
rod  of  metal,  in  form  of  a  parallelopepid,  in 
extending,  which  is  caufed  by  a  lamp-fire  burn¬ 
ing  under  it,  at  the  fame  time  moves  an  index 
on  a  fheeve  or  circle,  which  is  divided  into 
360  degrees,  one  degree  forwards,  when  the 
extended  length  of  the  metal  is  to  a  Rbinland 
inch  only  as  1  to  12500.  The  degrees  on  the 
circle  are  fo  large9  that  they  may  be  plainly 
diflinguifhed,  when  the  index  advances  only  ~ 
degree,  and  confequently  the  rod  is  lengthened 
about  t*-Wv  particle  of  an  inch.  For,  a  whole 
degree  denoting  ;  a  half  denotes  rswr? 

N  4  So 
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So  that  this  pyrometer  may  be  ufed  for  a  ther¬ 
mometer.  The  experiments  were  made  with  fix 
rods.  Each  in  length  5  To-  inches,  and  on  both 
Tides  in  thicknels  To  inch.  One  was  of  iron, 
the  fecond  of  Heel,  the  third  of  copper,  the 
fourth  of  brafs,  the  fifth  of  tin,  and  the  fixth  of 
lead.  Iron  was  the  leaft  lengthened,  fteel  more, 

and  lead  molt  of  all;  and  you  may  have  either 

\ 

one  or  more  lamps  burning  under  the  rods. 

M.  Mufchenbroeck ,  intending  to  examine,  whe¬ 
ther  the  degree  of  the  heat  in  boiling  water  had 
its  fixed  limits,  for  that  end  encompafifed  the  tin 
rod  with  a  tin  box,  and  poured  into  it  boiling 
water  at  the  time  the  air,  in  which  the  pyrome¬ 
ter  flood,  was  fo  cold,  that  the  fluid  in  Fahren¬ 
heit's  thermometer  flood  at  32  degrees.  He 
kept  the  water  conflantly  boiling  by  the  fire  of 
the  underlet  lamps.  The  tin  rod  at  length  was 
extended  102  degrees,  each  of  which  is  -nrEro 
of  an  inch.  But  farther  the  length  extended 
not,  tho’  the  boiling  was  continued  a  long  time 
by  the  fire.  The  entire  rod  was  To-  of  an  inch 
in  length.  And  being  now  lengthened  -ri-rrs- 
particles  of  an  inch,  it  was  encreafed  in  its  whole 
length  Tt-ö.  For  is  to  44,  as  1  to  710. 

If  this  rod  of  tin  or  lead  were  7100  lines,  or  59  ~- 
feet  long,  and  came  out  of  the  cold  of  freezing 
water  into  a  degree  of  heat,  equal  to  that  of 
boiling  water,  it  would  be  lengthened  about  a 
3  wholes 
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whole  inch.  For,  if  the  rod  of  58  lines  Jong 
is  lengthened  to  102  degrees*,  a  rod  of  the  fame 
thicknefs,  in  length  7100  lines,  is  lengthened 
'12486  degrees.  *  The  laid  number  differs  from 
12500,  and  the  parts  of  a  whole  inch,  only 
about  14.  Confequently,  the  degrees  12486 
fhew,  that  the  intire  length  of  the  rod  is  in- 
creafed  nearly  about  an  inch.  If  this  rod  lay 
in  a  heat  of  fun,  equal  to  the  third  part  of  the 
heat  of  the  boiling  water,  its  length  therein 
would  inereafe  about  of  an  inch. 


CHAP.  III. 

Of  Exciting  Fire. 

§*  I2^-  A  MONG  all  the  known  matters  of 
jLIIL  the  earth  there  is  none  in  which  fire 
is  not  contained.  This  included  fire  may  be  brought 
into  motion,  as  well  with,  as  without  fire,  by 
rubbing  *,  whereby  it  comes  to  difcover  itfelf  to 

our  fenfes.  Bodies  mutually  rub,  fo  in  their  mo- 

/ 

tion,  they  touch  and  withftand  each  other,  §.  25. 
Which  is  a  thing  quite  manifeft  in  the  parts  of 
fome  bodies.  But  in  others,  the  parts  which 
mutually  rub,  and  thereby  excite  their  fire,  are 

fo 
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fo  fmall,  as  neither  they  nor  their  rubbing,  can  be 
diftinftuiihed  by  the  eye.  By  the  manifeft  rub¬ 
bing,  as  well  between  two  firm  or  folid  bodies  ;6 
as  two  pieces  of  wood,  two  rftetals,  wood  and 
metal ;  as  between  a  folid  and  a  fluid  ;  as  the  air, 
and  a  ball  (hot  thro’  it,  fire  may  be  excited.  A 
like  effedfc  may  alfo  arife  by  the  concealed  rubbing, 
that  happens  partly  between  two  fluids,  as  water 
and  ipirit  of  nitre,  vitriol  and  fpirit  of  wine ; 
partly  between  a  fluid  and  a  folid ;  as  lime  and 
water,  pyrophorus  and  air,  iron  and  aqua-fortis. 
Seledt  examples  of  fire  arifing  by  both  kinds  of 
rubbing,  you  find  in  Profeffor  Kraft's  Theoretical 
Phyfics ,  §.  340,  345. 

§.  129.  If  the  parts  of  a  body  are  fo  finely 
refolved  by  the  fire,  as  in  the  manner  of  a  fluid 
matter,  to  move  and  mount  up  with  a  finning 
appearance  ^  thefe  parts  wre  call  flame ;  and  what 
in  a  body  turns  to  flame,  the  phlogifton.  But  if 
thefe  vifible  and  afeending  parts  fhine  not  in  their 
reparation  ;  they  are  called  finoke.  If  the  parts 
of  the  furface  of  a  fiery  or  ignited  body  fhines, 
but  feparate  not  in  the  manner  of  flame ;  they 
are  called  glowing .  Thofe  matters,  which  by 
the  fire  refolve  into  a  flame,  are  called  combufli - 
hie ;  and  by  the  feparating  of  the  flame,  come 
gradually  to  be  confumed.  In  order  to  main¬ 
tain  or  continue  fuch  a  fire,  which  as  well  con- 
fumes  its  body,  as  it  is  itfelf  diffipated  5  you  are 

to 
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to  add  a  combuftible  matter,  which  in  like  man¬ 
ner  refolves  by  the  fire,  and  occupies  the  place 
of  the  particles  of  fire  gone  off.  Such  a  matter 
is  called  the  fuel  of  the  fire .  If  the  fire  turns  a 
folid  body  to  a  fluid  ;  this  adtion  of  the  fire  is 
called  melting .  If  after  the  refolution,  produced 
by  the  fire  in  a  body,  nothing  but  fmall  fixed 
particles  remain  behind,  which  have  a  fmall, 
and  almoft  unobfervable  connexion  among  each 
other,  thefe  we  call  afioes:  And  the  addon  of  the 
fire,  by  which  they  arife,  calcination ,  or  incineration. 

As  the  parts  of  flame  have  a  tendency  to  re¬ 
move  from  the  unrefolved  parts ;  fo  the  flame 
cannot  fubfift,  unlefs  the  air  by  its  gravity  and 
fpring  adt  againfl  the  burning  body.  Hence 
flame  dies  or  is  extinguished,  on  withdrawing 
from  it  the  ambient  air.  Alfo  the  air  mu  ft  have 
a  free  draught,  for  flame  to  laft.  The  upper 
parts  thereof  are  finer  than  the  under,  and  thus 
may  be  more  compreffed  than  thefe ;  fo  that  by  * 
the  prefiure  of  the  air?  the  flame  muff  become 
{lender  and  pointed.  The  outmoft  parts  on  a 
glowing  furface  have  in  like  manner  a  tendency 
to  expand  themfelves.  If  this  tendency  finds  no 
fufficient  refiftance,  the  glow  vanifhes.  And 
therefore  glowing  bodies  fooner  ceafe  to  glow  in 
vacuo,  than  in  air.  Farther,  from  this  v/e  may 
explain,  why  neither  by  fnapping  the  lock  of  a 
gun;  nor  by  the  rays  cpndenfed  by  a  burning 

g'afs, 
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glafs,  can  gun-powder  be  fired  in  vacuo,  fo  as 
to  flame  or  flaih.  On  flapping  the  lode,  the 
particles  of  fire  contained  in  the  flint  and  fteel, 
are  indeed,  brought  into  motion:  But  they  alfo 
inllantly  die,  as  no  air  prefies  againfl:  them. 
And  therefore  having  reached  the  gun-powder, 
their  force  is  either  too  weak,  or  quite  un- 
effedtual.  At  times,  indeed,  a  faint  light  ap¬ 
pears  *,  but  this  is  owing  to  the  air  Hill  remaining, 
having  had  fome  effedt.  If  the  focus  of  a  burn- 
ing-glafs  falls  on  the  gun-powder ;  the  grains 
melt,  and  fend  forth  fmoke  but  no  flame ;  which 
therefore  cannot  arife,  as  the  air  does  not  fo 
comprefs  the  fine  particles  from  which  flame 
otherwife  arifes,  quite  round,  as  to  be  able  to 
form  a  fluid  mafs.  Smoke  there  mult  be ;  as 
in  gun-powder  partly  air,  partly  other  matters 
are  contained,  whofe  refolution  and  admixture* 
interrupt  the  motion  of  light. 

§.  130.  From  an  incombuftible  body  certain 
particles,  that  belong  either  to  its  conflant,  or 
to  its  variable  matter,  may  be  feparated  by  heat¬ 
ing.  In  the  firft  cafe  arifes  evaporation ;  in  the 
laft,  exhalation.  Both  thefe  changes  often  hap¬ 
pen  together.  In  both,  certain  particles  of  fire 
are  at  the  fame  time  expelled  the  body.  But  if 
it  lofes,  as  for  inftance,  a  metal  heated  by  rub¬ 
bing*  none  of  its  particles  it  cannot  certainly  be 

affirmed. 
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affirmed,  that  it  fills  an  adjoining  body  with  its 
igneous  particles  upon  heating  it. 

§.  13 1.  The  igneous  particles  of  a  hot  body, 
are  always  in  a  certain  degree  of  motion,  with 
which  they  ad  on  a  cold  matter,  which  they 
are  in  contad  with.  The  igneous  particles  of  the 
adjoining  cold  matter  re-ad.  And  hereby  the 
cold  matter  gains,  and  the  hot  body  lofes  a 
certain  degree  of  heat.  And  hence  the  heat  of 
a  body,  in  contad  with  a  matter,  whofe  heat 
is  lefs,  gradually  diminiffies,  till  it  and  this  mat¬ 
ter  have  an  equal  degree  of  heat  and  cold. 

§.  132.  The  greater  therefore  the  number 
of  the  ading  igneous  particles  of  a  body,  the 
greater  heat  it  can  communicate.  And  the  greater 
the  number  of  the  refilling  or  counterading  par¬ 
ticles  of  the  cold  body,  the  greater  the  diminu¬ 
tion  of  the  heat  in  the  hot  body.  And  therefore 
in  the  decreafe  and  increafe  of  the  degrees  of 
heat,  we  are  to  confider  the  denfity,  magnitude, 
and  figure  of  the  hot  and  cold  bodies.  Expe¬ 
rience  therefore  eftablifhes  the  following  propo¬ 
rtions,  1.  The  denfer  the  cold  matter,  in  contad 
with  a  hot  body,  the  fooner  it  lofes  its  heat. 
And  fo  the  fluid  falls  deeper  in  the  thermometer, 
when  fet  in  fnow,  mixed  with  fal  armomac,  than 
when  Handing  in  fnow  only.  2.  If  two  equal¬ 
ly  denfe,  and  equally  heavy  bodies  A  and  Bs 
are  in  contad  with  equklly  cold  matters  .of  the 

fame 
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fame  fpecies  ;  and  A  has  a  greater,  and  B  a  lefs 
external  furface,  A  turns  cold  fooner  than  B. 
And  fo  a  meafure  of  boiling  water,  when 
poured  out  into  a  wide  and  cold  veflel,  turns 
fooner  cold,  than  when  put  into  a  narrower  and 
equally  cold  veflel.  3.  A  ball  A  remains  there» 
fore  longer  hot,  than  a  body  B  of  another  figure, 
when  A  and  B  confift  of  the  fame  matter,  and 
are  of  equal  weight.  For,  of  all  furfaces,  that 
of  a  ball  or  fphere  is  the  leaft ;  the  matter  they 
contain  being  of  a  like  fpecies  and  a  like  weight. 
4.  If  two  bodies  unequally  big,  but  of  the 
fame  figure,  and  confifting  of  the  fame  matter, 
and  encompafled  by  the  fame  and  equally  cold 
matters,  have  an  equal  degree  of  heat ;  the 
greater  continues  longer  warm  than  the  fmaller. 
For,  the  lofs  of  their  heat  is  to  be  eftimated  by 
the  ratio  of  their  external  furfaces  •,  and  the  quan¬ 
tity  of  their  heat  by  the  ratio  of  their  mafies  or 
folidities.  Fleat  two  lead  balls  A  and  B  equally 
intenfe.  And  fuppofe  the  diameter  of  A  to 
that  of  B  to  be,  as  1  to  2.  And  thus  the 
lurface  of  A  is  to  the  furface  of  B,  as  the  fquare 
3  to  the  fquare  4  •,  and  the  mafs  or  folidity  of 
A  to  the  folidity  of  B,  as  the  cube  1  to  the  cube 
8.  The  ball  B  has  eight  times  as  much  heat  as  A. 
If  therefore  the  ball  A  turns  cold  in  one  hour; 
B  lofes  its  degree  of  heat  in  two  hours.  For, 
the  greater  lofes  indeed,  four  times  as  much  heat 
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as  the  lefs ;  but  it  has  alfo  eight  times  as  much 
heat.  And  thus  the  times  of  cooling  in  equally 
hot  balls  of  the  fame  matter  are  to  each  other, 
as  their  diameters. 

§.  133.  If  two  bodies  A  and  B,  of  which  A 
is  fufceptible  of  more  heat  than  B,  are  fo  expofed 
to  an  adtual  fire,  that  B  is  nigher  thereto,  but 
in  contact  with  A  1  the  fire  a£ts  ftronger  on  A 
than  on  B*  And  fo  a  ball  of  lead,  wrapt  up  in 
paper,  melts  over  a  flame.  A  lighted  final! 
perfume-candle  burns  not  fully,  when  Handing 
on  ftone  or  metah 


C  H  A  P.  IV. 

Whether  Fire  be  a  peculiar  Matter. 

§•  1 34*  ID  EFORE  the  fire,  contained  in 
JL3  combuftible  bodies,  is  put  into 
motion,  as  thereby  to  kindle  them ;  it  appears 
to  be  no  fluid  matter.  But  if  in  motion  in  the 
combuftible  bodies,  as  that  thereby  they  burn  : 
We  can  obferve  either  nothing  at  all,  or  very 
little  of  other  matters,  diftinguiihable  from  it. 
Suppofe  for  inftance,  you  let  a  lighted  fpirit  of 
wine  burn  on  5  one  part  after  another  turns  to 
3  flame. 


Of  FLUID  BODIES. 

flame,  fo  that  at  lafb  not  the  leaft  trace  of  it 
can  be  obferved  on  the  bottom  of  the  veflfel. 
A  lighted  piece  of  wood  burns  fo,  as  to  leave 
behind  only  a  few  afhes.  And  hence  fome  phi- 
lofophers  came  to  be  of  the  opinion,  that  fire 
was  no  peculiar  matter,  diftinguifhable  from  the 
other  matters  of  a  combuftible  body.  They 
held,  each  combuftible  body  would  turn  to  fire, 
on  its  parts  being  finely  enough  refolved,  and 
put  into  a  quick  inteftine  motion.  But  in  op- 
pofition  to  this  opinion,  what  follows  is  to  be 
confidered.  The  flame  of  a  combuftible  body 
may  confift  of  different  matters,  which  together 
are  refolved  into  fo  fmall  parts,  that  there  is  no 
diftinguifhing  them  from  each  other.  Gne 
among  thefe  matters  may  be  of  fuch  a  nature, 
as  belt  and  eafieft  of  all  to  admit  of  motion  and 
refolution,  either  on  rubbing  the  body,  or  let¬ 
ting  a  combuftible  body  a  (ft  upon  it.  This  mat¬ 
ter,  by  its  motion,  may  refolve  the  other  mat¬ 
ters  of  the  body  in  the  fineft  or  fubtleft  manner, 
and  remain  mixed  with  the  infinitely  fmall  re¬ 
folved  parts.  And  this  matter  fhould  thus  be 
confidered  as  the  proper  and  pure  fire  of  a  body. 
Deny  this  matter  we  cannot  ^  and  confequent- 
ly  hitherto  no  proof  has  been  adduced  to  fhew, 
that  fire  is  no  peculiar  matter. 

From  air  and  water,  fire  indifputably  differs. 
For,  air  withftands  flame,  and  preffes  the  fire 

againft 
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againft  the  burning  body  *,  and  water  extinguifhes 
the  fire  of  burning  and  glowing  bodies.  And 
confequently  in  the  fluid  matters,  that  take  fire, 
and  are  mixed  with  water,  fomething  is  con¬ 
tained,  that  is  to  be  diftinguifhed  from  fire. 
The  experiments  of  the  younger  Geoffrey  have 
fliewn,  that  in  a  pure,  good  fpirit  of  wine,  above 
half  its  weight  is  water.  If  fixed  matters  are 
burnt,  there  remains  at  laft  an  afh,  that  bums 
not ;  which  is  a  manifeft  indication  that  in  fuch 
combuflible  bodies  there  is  fomething,  which  is 
not  fire.  In  order  to  maintain  that  fire  in  each 
body  is  one  of  its  proper  peculiar  matters  ^  it 
remains  to  explain  how  from  one  and  the  fame 
matter  fuch  innumerable  fpecies  of  fixed  and 
fluid  bodies  can  arife. 


PART  III,  - 

Of  Water. 

*  '  .  '  \ 

CHAP.  1. 

Of  the  Phenomena  of  Water. 

§•  *35-  T'f  7*  A  TER  exhibits  itfelf  to  our 
V  V  eyes  a  fluid  and  tranfparent  mat¬ 
ter,  adapted  to  extinguifh  flame.  It  is  called  pure* 
Voir.  L  O  when 
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when  without  either  fmell,  tafte  or  colour,  Yet 
it  is  never  quite  free  from  earthy  parts,  as  al¬ 
ways  leaving  behind,  never  fo  often  diflilled, 
fome  earth.  And  hefides  thofe  earthy  matters* 
it  is  mixed  up  with  air  and  fire. 

i.  The  air,  concealed  in  water,  comes  to  be 
difcovered  on  removing,  by  means  of  the  air- 
pump,  the  air,  incumbent  on  water  in  a  veffel. 
For,  we  obferve  a  number  of  bubbles  arifing 
out  of  the  water.  If  the  water  is  hot,  they  come 
forth  larger  and  in  greater  quantity.  Thefe  are 
hollow  fpherules  of  air,  as  is  evident  from  ano¬ 
ther  experiment.  You  may  convey  fame  air  by 
means  of  a  tube  to  the  bottom  of  a  veflel,  filled 
with  water,  out  of  which  a  fingle  bubble  more 
refufed  to  rife  under  the  bell  of  the  air-pump. 
So  foon  as  this  little  air  comes  out  of  the  tube 
under  the  water,  it  mounts  upwards  thro’  the 
water  in  the  form  of  fuch  bubbles,  as  arife  out 
of  that  water,  with  which  the  firft  experiment 
was  made  under  the  bell  of  the  air-pump. 

From  this  the  following  properties  of  the  air* 
included  in  water  appear,  r.  It  has  a  tendency 
to  efcape  out  of  the  water.  2.  This  tendency 
is  ftronger  than  the  weight  of  the  water  and  the 
cohefion  of  its  parts.  3.  It  is  elaftick,  §.  51. 
4.  Its  fpring  is  heightened  by  heat.'  '85.  Its 
Ipring  is  equal  to  the  preflure  of  the  ex¬ 
ternal  air,  6.  Without  this  preflure,  no  air 

could 
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could  remain  included  in  water.  7.  As  each 
(pherule  of  air  in  water,  by  its  fpring  condantly 
labours  to  force  out  of  it ;  fo  each  ads  on  every 
fide  on  the  contiguous  particles  of  water,  and 
excites  them  without  intermiiTion  to  retad. 

If  air  (lands  on  water,  which  has  been  dis¬ 
charged  of  it,  it  gradually  infinuates  into  it 
again.  If  you  fill  a  glafs  fphere  with  water, 
difcharged  of  air,  and  leave  an  air  bubble  upon 
it,  it  gradually  lofes  itfelf,  and  all  of  it  is  at 
lafl  (wallowed  up  by  the  water.  If  you 
give  the  air,  over  the  water,  a  continued  pref- 
fure,  it  infinuates  not  fo  readily  but  much 
fooner  communicates  itfelf  to  the  water,  on 
fwinging  the  fphere  round,  in  which  fome  air 
(lands  over  the  water.  From  this  we  may  draw 
the  following  conclufions.  1.  As  air  in  its  na« 
tural  (late  preffes  much  (Ironger  on  the  earth’s 
furface,  than  the  cohefion  of  the  particles  of 
water  refills ;  fo  the  fpherules  of  air,  of  which 
a  mafs  incumbent  on  the  water  confifls,  mud  be 
greater  than  the  intedices  in  the  water.  2.  But 
yet  as  air  is  more  porous  than  water ;  this  lad  in¬ 
finuates  into  the  interdices  of  the  incumbent  and 
preffing  air.  And  thus  water  and  air  come  mu¬ 
tually  to  mix.  3.  As  water  i's  heavier  than  air, 
by  the  circular  motion  it  acquires  a  greater  cen¬ 
trifugal  force  than  air.  §.  97.  By  this  dronger 
force,  with  which  alfo  the  water  is  driven  againd 
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thofe  Tides  of  the  fphere,  in  which  is  the  particle 
of  air,  this  laft  will  be  thus  forced  thros  it  with 
greater  celerity, 

2.  The  fire  in  water  by  its  motion,  gives  water 
fluidity.  For,  if  the  heat  be  fo  diminifhed,  that 
the  quick- filver  in  Delifle’ s  thermometer  fub- 
fides  under  150,  the  water  turns  to  ice.  Above 
it  was  fhewn,  that  the  heat  of  boiling  water  ex¬ 
tends  no  further  than  till  the  quickfilver  in  Be- 
lifie’s  thermometer  rifes  from  the  freezing  point 
150  degrees  only,  §.  123.  And  M.  Mufcben - 
broeck  has  found  by  means  of  his  pyrometer, 
that  the  heat  of  boiling  water  admits  not  being 
heightened  to  the  pitch,  that  tin  fhould  melt 
therein,  §.  127.  But  this  is  to  be  underflood 

only  of  boiling  water  in  open  veffels,  from  which 
the  boiling  water  freely  evaporates.  But  if  in¬ 
cluded  in  a  dole  vefifek  fuch  as  Papin’ s  digefler, 
fo  that  the  fleam  no  where  efcapes :  It  may  be 
made  fo  hot,  as  to  foften  bones  and  ivory,  and 

refolve  and  melt  pieces  of  tin  and  lead,  when 

% 

hanging  at  a  metal  wire  in  the  middle  of  the 
water. 

§.  136.  By  the  force  of  fire  water  refolves  into 
vapour  or  fleam,  or  difiipates  into  parts,  fo  fine 
that  by  virtue  of  the  force  of  cohefion,  §.  52  feq. 
they  come,  bulk  for  bulk,  to  weigh  equal  with 
particles  of  air.  By  the  motion  of  fire,  which 
never  fully  quits  the  fleam  \  they  are  forced  into 
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the  air  from  one  degree  of  height  to  another, 
and  fuflained  therein  by  the  force  of  cohefion. 

i.  If  into  a  darkned  room  you  admit  a  ray  ©f 
the  fun,  to  pafs  thro5  afcending  fleams,  and 
view  it  thro’  a  magnifying  glafs,  it  appears 
like  globules  floating  in  the  air.  As  air  can  ne¬ 
ver  be  fully  pumped  out  of  a  veil'd  ^  fo  in  vacuo 
fteam  rifes  out  of  the  water,  under  the  bell  of 
the  air-pump.  How  fmall  the  particles  of  a  fleam 
continuing  flill  vifible,  may  be,  appears  from 
the  experiments  with  aeolipilse,  or  wind  and 
fleam  balls,  defcribed  in  Wolfius'%  Experiments , 
P.  I.  c.  7.  Boyle>  in  his  treatife  de  mira  Subtili - 
täte  efluviorum  relates,  he  had  put  into  a  fleam- 
ball  an  ounce  of  water,  and  refolved  it  by  the 
heat  of  glowing  coals  to  fleam,  and  he  found  that 
it  continued  its  motion  above  a  quarter  of  an 
hour  in  form  of  a  cone,  20  inches  long,  and  an 
inch  broad  in  bafe.  The  velocity  of  this  fleam 
is  fo  great,  that  a  portion  of  it  traverfes  a  length 
of  20  inches  in  a  fecond.  A  quarter  of  an  hour 
confifls  of  900  feconds.  And  thus  the  ounce 
of  water  was  turned  to  900  cones  of  the  faid 
fize.  This  fleam  continues  flill  vifible.  A  drop 
of  water  in  a  glafs  fphere,  whofe  capacity  might 
hold  14000  fuch  drops,  is  by  the  heat  of  the 
fire  fpread  all  over  this  fpace  in  invifible  fleam. 
The  fphere  has  a  narrow  neck,  like  the  tube  of  a 
thermometer.  If  the  neck,  after  heating,  is  dipt 
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in  quickfilver;  this  laft  rifes  in  the  fphere,  when 
the  fleam  turns  cold,  and  again  condenfes.  As 
the  quickfiiver  rifes  thro’  the  neck  into  the 
fphere,  and  fills  it  up  ;  this  is  a  fign,  that  the 
fream 3  arifen  from  the  drop  of  water,  has  occu¬ 
pied  the  whole  fpace  of  the  fphere,  and  expelled 
the  air  out  of  it.  For,  fo  long  as  the  fphere  is 
filled  with  air,  no  mercurcy  rifes  therein.  The 
elaflick  force  of  the  internal  air  is  fo  flrong, 
as  the  preffure  of  the  external.  A  proof,  that 
the  parts  of  water  mufl  be  uncommonly  fmall,  the 
Florentine  experiments  afford,  in  which  water  was 
prefled  thro’  metals,  thro’  which  no  air  poßibly 
can.  Thefe  experiments  are  defcribed  in  th Fl’entam 
Florentina .  P.  II.  and  p.  58 — 68  illuftrated  by 
Mufchenbroeck. with  coniiderable  additions. 

2.  Hot  water- fleam  is  elaflick ;  the  greater  its 
heat,  the  ftronger  its  tendency  to  expand. 
How  flrong  foever  the  addon  of  gun¬ 
powder,  when  fired,  yet  the  aflion  of  fleam, 
raifed  from  an  equal  quantity  of  water  by  a 
violent  fire,  is  far  flronger.  Profeffor  Mufchen- 
broeck ,  in  his  Eßai  de  Fhyfique ,  §.  872,  defcribes 
a  machine,  whereby  the  elaflicity  of  heated  wa¬ 
ter-fleam  may  be  explored.  Steam  into  which 
he  had  refolved  1 3  grains  of  water,  rufhed  out 
of  the  machine  with  fo  great  a  violence,  as  to 
have  forced  up  three  pounds  of  water  50  feet 
high.  ‘Whereas  13  grains  of  gun-powder  in  a 
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fmall  mortar- piece  could  force  to  this  height  a 
ball  of  lead  only  4  ounces  and  2  drachms  in 
weight. 

§.  137.  Water,  by  cold  turned  to  ice,  or  to 
a  firm  body,  occupies  a  larger  fpace.  For, 
vefiels  full  of  water,  are  not  only  expanded  by 
it  in  freezing,  but  alfo  burft.  A  remarkable  in¬ 
stance  to  this  purpofe  we  have  in  the  cafe  of  ar¬ 
tificial  cold,  or  the  mixture  of  fait  and  fnow,  or 
flamped  ice  ;  as  in  the  ' Tentamina  Florentine* , 
P.  I.  p.  127 — 164,  a  brafs  fphere,  which  ac¬ 
cording  to  Mufchenbroeck9 s  calculation  was  fo  firm 
and  flout,  as  that  a  weight  of  27,720  lb.  would 
be  neceffary  to  tare  the  metal  afunder,  was  crackt 
in  feveral  places  by  the  force  of  the  ice  produced 
in  it. 

1.  The  fpace,  into  which  water  turned  to  ice, 
expands,  is  fo  large,  that  bulk  for  bulk,  the 
weight  of  ice  is  lefs  than  that  of  the  fluid  water. 
Hence  a  piece  of  ice  floats  in  water,  §.  74.  The 
Florentine  academifls  attempted  to  calculate  the 
increafed  bulk  of  frozen  water  in  a  two-fold  man¬ 
ner.  The  experiments  are  related  p.  139  and 
1 41.  1.  c.  Firfl,  they  compared  a  cylinder  of 
water  with  the  cylinder  of  ice,  produced  from  it, 
and  found,  that  the  bulk  of  the  firfl  was 
to  that  of  the  fecond,  as  8  to  9.  Then  they 
took  a  certain  weight  of  water  and  let  it 
freeze  5  after  which  they  filled  the  fpace  of  this 
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ice  with  water,  and  again  weighed  it.  And  the 
weight  of  the  firft  was  to  that  of  the  fecond,  as 
25  to  2 8 xV*  Now  8  is  to  9,  as  25  to  28-J-.  So 
that  the  ratio  of  8  to  9,  differs  but  little  from 
the  ratio  of  25  to  28-fV* 

2.  Ice  evaporates.  You  need  only  expofe  to 
the  air,  fome  pointed  and  fharp  pieces,  and  you 
will  foon  obferve  the  points  and  fharp  angles 
blunted.  If  you  lay  apiece  of  ice  on  aballance, 
you  foon  find,  how  in  a  continued  degree  of 
cold  it  lofes  in  weight.  The  more  violent  the 
cold,  the  ftronger  the  evaporation  of  the  ice* 
Of  this,  M.  Mairan  in  his  Differ tation  on  ice , 
P.  II.  Sect.  3.  c.  10.  gives  a  remarkable  ex¬ 
perience.  In  the  year  1716,  in  which  for  fome 
days  the  cold  was  as  great  as  that  of  the  fevere 
winter,  1 709  *,  he  at  times  found,  that  ice,  which 
had  lain  in  the  air  and  northerly  wind,  had  loft 
In  24  hours  above  a  fifth  in  weight. 

3.  But  tho’  ice  diminifhes  by  evaporation, 
yet  its  bulk  increafes  with  the  continuance  of  the 
cold.  Huygens  in  1667  hung  an  iron  tube,  an 
inch  thick,  filled  with  water  and  well  fecured, 
in  the  cold  air.  In  12  hours  it  was  crack’d  in 
two  places.  Suppofe  the  cold  had  had  to  pene¬ 
trate  an  inch  of  iron  and  water  it  is  certain 
the  wrater  would  turn  to  ice  in  two  hours.  Yet 
the  tube  burft  not  till  after  12  hours.  From 
this  it  appears,  that  the  ice,  by  increafing  the 
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cold  from  time  to  time  was  more  and  more 
expanded.  On  letting  water  freeze  in  wide  vef* 
fels,  which  can  abide  a  part  of  the  force  of  the 
ice,  the  furfäce  of  the  ice  will  be  a  little  bent 
and  raifed.  M.  Mahan  relates  c.  2.  1,  c.  that  in 
thefe  circumftances  he  tapped  below  the  veflel 
with  ice,  and  let  the  water  Hill  remaining  rim 
off;  but  found  almofl  every  time  that  the  bent 
furface  of  the  ice  was  flill  more  raifed.  Hence 
ice  on  large  water-places  comes  to  have  in  a 
violent  degree  of  cold,  long  rents,  which  caufe 
a  great  crack. 

4.  Alfo  water  purged  from  air,  expands  in 
freezing,  as  the  ice  arifing  from  it,  in  like  man¬ 
ner  floats  in  water.  M.  Mufchenbroeck  found  this 
by  an  experiment  made  with  all  imaginable  care^ 
which  he  defcribes  1.  c.  of  the  Experimenta  Flo * 
rentina ,  p.  143,  144,  145. 

5.  As  water  takes  up  more  room,  when  turned 
to  ice,  fo  iron  fmelted  and  turned  hard  expands 
to  a  larger  fpace.  M.  Reaumur  difcovered  this 
by  peculiar  experiments,  defcribed  in  the  me- 
moires  of  the  academy  of  fciences  for  the  year 
1726.  At  one  time  he  fmelted  iron  in  fmall 
cylindrical  crucibles,  till  quite  full  of  it.  At 
another,  in  larger  crucibles,  and  poured  it  out 
into  fmaller  ones,  filling  them  brim  full,  and 
with  a  knife  removed  the  iron  at  the  rim,  in  the 
manner  of  linking  com  with  a  ftrikle.  Then 
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the  iron  turned  gradually  cold.  But  at  its  full 
pitch  of  hardnefs  it  was  every  time  forced  up 
over  the  rims  of  the  crucibles,  and  like  frozen 
water  had  an  eminence  in  the  middle.  Whereas 
gold  and  filver  fmeked  to  bars  are  always  de- 
prefled  a -top.  From  the  expanfion  of  iron  in 
cooling  it  comes,  that  the  crucibjes,  in  which  it 
hardens,  burfl:  equally  as  the  pots,  in  which  water 
has  froze,  tho3  you  leave  the  crucibles  to  cool 
amidft  live  coals.  Moll  moulds  confift  of  two 
pieces,  which  the  founders  fet  in  a  prefs.  Now 
M.  Reaumur  has  often  feen,  that  it  was  with 
much  labour  they  could  turn  the  prefs  fcrews, 
when  they  had  caft  iron,  in  large  pieces  efpeci- 
ally.  And  hence  fmelted  iron  moulds  better 
than  the  other  metals.  For,  as  it  expands,  it 
feeks  the  fmallefl:  empty  places,  and  takes  the 
impreflion  of  the  fmallefl  part  of  the  mould. 
Letting  iron  become  as  fluid  as  pofiible,  and 
then  purging  its  furface  of  every  impurity,  and 
throwing  in  a  piece  of  hard  iron ;  this  lafl  will 
float  and  fland  out  of  it  fome  way.  If  pufhed 
to  the  bottom,  it  again  emerges  on  letting  it  go. 
If  a  piece  of  hard  iron  is  laid  on  the  bottom  of 
the  fmelting  crucible,  and  fmelted  iron  poured 
thereon,  the  hard  rifes  up.  And  thus  hard  iron 
is  lighter,  and  confequently  more  expanded  than 
fmelted  iron.  This  has  been  found  to  hold  in 
bifmuth  and  antimony. 
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*  6.  Water  only  takes  up  more  room,  when 
juft  on  the  point  of  freezing,  and  when  a&ualiy 
froze*,  and  hence  becomes  lighter  than  an  equal 
portion  of  moderately  cold  wrater.  Before,  when 
in  the  ftate  of  perfed:  fluidity,  it  takes  up  a  nar¬ 
rower  fpace,  than  when  colder.  For,  if  a  nar¬ 
row  flask  with  a  long  neck  be  filled  to  its  mid¬ 
dle  with  water;  and  the  flask  then  expofed  to  a 
greater  degree  of  cold,  you  obferve  the  water  at 
firft  to  fall  fome  lines  deep  in  the  neck.  But  fo 
foon  as  it  is  to  turn  to  ice,  it  begins  to  rife. 
The  volume  which  it  has  in  this  degree  of  cold, 
will  be  encreafed  about  up  to  the  heat  of 
boiling;  and  confequently  decreafed  by  fo  much, 
when  brought  from  this  degree  of  heat  to  that 
of  the  cold,  by  which  it  may  turn  to  ice.  The 
experiment  for  the  purpofe  the  abbe  Nollet  de~ 
fcribes  in  his  T.  IV.  Leg.  XII.  §.  i.  Experiment 
II.  You  take  a  diftilling-glafs  with  a  neck  15 
inches  in  length,  and  12  or  14  lines  in  diameter 
internally.  You  pitch  upon  a  water-meafure 
for  the  purpofe,  and  pour  it  25  times  into  the 
glafs,  and  mark  with  a  thread  the  place  of  the 
neck,  at  which  the  filled  water  of  thefe  25  mea- 
fures  ftands.  Then  you  ftill  pour  in  1,  2  and  3 
meafures  more,  marking  at  each  meafure,  where 
the  water  ftands.  After  this  you  take  out  thefe 
laft  meafures  again,  that  only  25  meafures  re¬ 
main  in  the  glafs.  The  v&flel  ftands  in  fnow  or 
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ftamped  ice.  And  the  water  to  fill  with,  in  a 
veftel  by  it  in  this  fnow  or  ice.  The  diftilling 
cucurbit  or  body  is  placed  in  fand,  which  may 
be  heated  by  glowing  coals.  In  the  water  of  the 
body  a  thermometer  is  hung,  on  which  the  de¬ 
gree  of  the  heat  of  boiling  water  is  marked.  If 
now  the  fand  is  heated,  the  water  rifes  up  in  the 
neck  of  the  body:  And  coming  at  length  to 
boil,  and  its  heat  to  be  fo  great,  as  is  pofiible 
In  a  water  that  evaporates  freely  you  find  the 
water  rife  up  to  the  mark  2 6,  at  which  before 
the  cold  water  flood,  after  putting  26  meafures 
into  the  body.  You  heighten  the  fire.  But 
neither  the  water  in  the  neck  of  the  body,  nor 
the  fluid  matter  in  the  thermometer  rifes  any 

higher. 


CHAP.  II. 

Of  the  Nature  of  Water. 


§.  138.  rpHE  leaft  parts  of  water  have  a  pe- 
JL  culiar  degree  of  firmnefs  and  hard- 
nefs,  which  may  be  perceived  partly  from  th© 
hardnefs  of  ice,  partly  from  the  re-a£lion,  withi 
which  water  refills  the  violence  of  firm  bodies.! 

A  board  floating  on  water,  may  be  juft  as  eafily 
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cut,  as  when  lying  on  a  hard  block.  If  a  leaden 
bullet  is  fhot  obliquely  on  a  furface  of  water ;  it 
will  be  flatted.  As  M.  Carree  found  by  repeated 
trials,  as  related  in  the  memoires  of  the  Academy 
cf  Sciences  for  the  year  1705.  If  the  angle  un¬ 
der  which  the  bullet  is  fhot  into  the  water,  is 
only  of  a  few  degrees,  the  bullet  fprings  on  the 
other  fide  cut  of  the  water  again.  For,  the 
more  oblique  the  ball  goes  into  the  water,  the 
more  parts  of  water  refill  it.  If  a  fmall,  flat  and 
frnooth  flone  be  thrown  very  oblique  on  a  fur- 
face  of  water,  it  fprings  fucceflively  out  of  and 
into  the  water,  and  in  this  manner  continues  its 
way  in  and  above  the  water.  M.  Kruger  in  his 
Natural  Philofophy ,  §.  81.  relates,  he  had  found, 
that  a  ball  which  he  had  fhot  out  of  a  rifled 
barrel  againfl  a  broad  lake,  had  fprung  up  three 
times  fucceflively.  In  like  manner  in  fea-fights 
many  cannon  balls  are  reflefled  from  the  water«, 

§.  1 39.  The  fixed  and  hard  parts  of  water 
would  therefore,  like  the  parts  of  metals,  con- 
flantly  form  a  hard  and  firm  body,  were  they 
not  feparated  afunder  by  fire.  The  fire  between 
them  is  the  fluid  matter,  in  which  they  float- 
Now  the  query  is,  how  it  happens,  that  on  the 
recefs  of  the  fire,  when  they  conilitute  a  firm- 
body,  they  expand  into  a  greater  fpace. 

1.  We  are  not  to  look  for  the  caufe  in  the 
expand ve  force  of  the  air.  For,  even  water  void 
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of  air,  takes  up  a  greater  fpace  when  froze,  §•» 
137.  n.  4* 

2.  As  in  the  cold  winter  of  1740,  I  read  pub- 
lick  ledtures  on  the  degrees  and  caufes  of  cold; 
I  fell  on  the  thought,  that  the  particles  of  water 
which  are  commonly  held  to  be  round,  were  in 
the  freezing  poffibly  divided;  whence  either 
fmaller  globules  or  angular  corpuf  les  arofe.  In 
both  cafes,  the  matter  before  fluid,  would  now 
occupy  a  larger  ipace.  A  leaden  bullet  of  half 
an  ounce  is  an  initance,  which  may  be  turned 
either  to  fmall  globules  or  angular  parts.  This 
opinion  I  afterwards  propounded  in  1742  in  my 
Infiitutiones  Philof ophite  Univerfa,  P.  I.  §.  1350, 
iari.  For  inch  a  change  to  happen,  a  force 

ü 

mull  lie  either  in  the  particles  of  water,  whereby 
they  are  divided ;  or  in  the  cold,  a  certain  mat¬ 
ter  muft  force  into  the  water,  which  produced 
fuch  a  change.  Such  a  matter  profefTor  MuJ- 
chenhroeck  in  his  Infiitutiones  Phyficte ,  §.  948,^. 
fuppofes:  But  he  affirms  not,  that  this  matter 
caufes  fuch  a  change  in  the  conftituent  particles 
of  water;  maintaining  only  thus  much,  that  it 
feparated  the  particles  of  water  afupder,  and 
produced  as  it  were,  a  degree  of  fermentation 
among  them.  Among  the  grounds  or  reaions, 
that  feem  to  eflablifh  the  reality  of  fuch  a  mat¬ 
ter,  that  effedt  is  obfervable,  which  is  produced 

by  fpirit  of  nitre  in  ice.  If  poured  into  water, 

whole 
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whofe  heat  in  Fahrenheit's  thermometer  Jdiews 
33  degrees;  the  heat  of  the  water  is  heightened 
in  fuch  a  manner,  as  that  the  fpirit  of  wine  or 
quickfilver  in  the  thermometer  rifes  up  to  41 . 
But  fpirit  of  nitre  poured  on  grated  ice,  there 
arifes  an  extraordinary  degree  of  cold  therein. 
Are  we  not  therefore  to  fuppofe  fomething  in  ice* 
Mufchenhroeck  demands,  §.  956,  differing  from 
water,  and  admitting  the  being  expanded  and 
heightened  by  the  fpirit  of  nitre?  But  poffibly 
the  conftituent  parts  of  water  may  be  of  fuch  a 
nature,  as  to  unite  into  hollow  and  elaftic  glo¬ 
bules,  when  in  mutual  contad.  A  fimilar  dif- 
pofition  appears  in  air;  fo  long  as  its  minute 
parts  lie  concealed  in  water,  their  elafticity  is 
unobfervable.  But  differed  to  rife  out  of  the 
interfaces  ci  tne  water,  by  dimimfhing  the  ex¬ 
ternal  air,  as  that  fome  of  them  come  in  mutual 
contad,  they  form  vehicles  or  bubbles,  that 
burft  by  their  elafticity.  The  afcending  fteam 
of  water  the  magnifying  glafs  has  already  did 
covered,  to  confift  of  hollow  globules,  §.  136. 
So  that  the  elaftick  force  of  ice  is  thus  to  be 
fought  for  in  the  conftituent  parts  of  frozen  wa¬ 
ter.  This  conjedure  I  treated  on  in  1753  in  a 
programma,  entitled,  Unde  vim  elafticam  adipifca- 
tur  aqua  rarefcens . 

3.  M,  Mairan  in  his  treatife  on  ice,  p.  ii. 
§.  1.  c.  7,  8,  and  9.  alcribes  to  the  conftituent  ‘ 

parts 
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parts  of  water  a  force,  whereby  they  have  a  ten» 
dency  to  unite  under  an  acute  angle*  In  favour 
of  this  conatus  he  adduces  two  phenomena. 
The  firft  threads  or  filaments  of  ice,  that  arife 
on  the  furface  of  the  water  in  a  veflel,  have  dif¬ 
ferent  inclinations  to  the  Tides  of  the  veffel,  and 
form  therewith  different  angles,  which  are  ge¬ 
nerally  of  60  degrees.  On  thefe  firft  threads 
the  fecond  place  themfelves  under  different  an¬ 
gles;  and  on  the  fecond  others  again  fettle*  and 

fo  on.  till  an  entire  web  and  film  of  ice  is  form- 

^  \ 

ed.  Falling  fnow  offner  confifls  of  ftars,  put 
together  of  6  equal  rays,  and  ftanding  afunder 
at  equal  diftances.  And  thus  we  have  fmall  fi¬ 
laments  of  water  or  ice  floating  in  the  air,  where 
they  have  full  liberty  to  exert  their  conatus,  to 
unite  together  under  an  angle  of  60  degrees. 
For,  this  number  is  the  fixth  part  of  the  360 
degrees  of  the  circumference  of  a  circle,  and 
confequently,  the  meafure  of  each  of  the  6  equal 
angles,  which  with  their  points  unite  in  its 
centre. 

4.  Water,  in  order  to  turn  to  ice,  muff  have 
its  parts  come  in  mutual  contact.  For,  if  falts 
are  mixed  with  water,  they  render  it  fo  cold* 
that  the  quickfilver  in  a  thermometer,  hung 
therein,  falls  below  the  freezing  point;  But  then 
they  prevent  the  water  from  freezing.  Its  con¬ 
stituent  parts  are  forced  afunder  by  the  pointed 
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parts  of  the  falts.  The  experience,  from  which 
we  learn,  that  falts  difpatch  the  fmelting  of  iron, 
affords  a  proof  in  this  cafe.  M.  Mahan  in  P.  II. 
Se£t.  5.  c.  i.  1.  c.  confirms  the  thing  by  an  expe¬ 
riment.  In  1716  he  took  four  pieces  of  the  fame 
ice,  in  bulk  and  figure  almofl  mutually  equal. 
Each  was  about  a  cubic  inch  big.  After  letting 
them  dry  well  in  a  great  degree  of  cold,  he 
flrewed  one  with  dry,  and  finely  rubbed  table 
fait  fo  as  to  be  quite  covered  therewith,  as  if 
candied  or  crufted  over^  the  fecond  in  like 
manner  with  faltpetre,  and  the  third  with  faF 
armoniack.  In  order  to  prevent  any  degree  of 
heat  coming  to  them  in  firewing  the  falts,  the 
falts  flood  in  the  very  fame  degree  of  cold  of  the 
air,  that  the  pieces  of  ice  did.  M.  Mahan  alfo 
made  ufe  of  a  piece  of  ice  inflead  of  a  fcoop, 
with  which  he  fhot  the  fait  on  the  three  pieces 
of  ice,  laying  hold  on  the  fcoop  of  ice  with  a 
cold  iron  forceps.  Pie  diredlly  found,  that  the 
points  and  angles  of  this  fcoop  of  ice  were  melted 
down,  on  taking  up  the  falts  therewith,  and 
Ilrewing  them  on  the  pieces  of  ice.  The  three 
flrewed  pieces  of  ice,  along  with  the  fourth  uo- 
flrewed,  he  conveyed  on  a  net  of  yarn  in  a  room, 
in  which  he  maintained  the  air  in  the  degree  of 
heat  of  the  obfervatory  at  Paris ,  that  is,  to  the 
ioth  degree  of  Reaumur  s  thermometer.  This 
experiment  he  repeated  three  feveral  times.  The 
Vol.  I.  P  piece 
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piece  crufted  or  coated  over  with  common  fait 
was  always  melted  down  in  lefs  than  an  hour., 
the  piece  with  fal-armoniac  within  five  or  fix 
minutes  after;  and  that  with  faltpetre  took  al- 
moft  two  hours  to  diflblve  in;  the  uncrufted 
piece  of  ice  above  54  hours, 

5.  As  the  falts  force  a  funder  the  parts  of  ice 
and  water,  and  mix  therewith;  not  only  the 
quantity  of  the  matters,  but  the  number  of  the 
furfaces-  is  encreafed  into  which  the  fire  of  ad¬ 
joining  bodies  may  infinuate,  §.132.  And  fb 
this  is  the  reafon  why  water,  fnow  and  ice  turn 

i 

colder  by  falts,  of  no  greater  a  degree  of  cold- 
nefs  than  fait,  fnow  and  ice  themfelves.  And 
hence  fpirit  of  wine  heightens  the  degree  of  cold 
of  the  freezing  matters,  when  poured  thereon. 
For,  it  diflolves  them  into  füll  fmaller  parts, 
into  which  new  ways  are  made  for  the  fire. 
From  this  very  reafon,  the  degree  of  cold  of  the 
freezing  matters  happens  with  greater  difpatch, 
on  fetting  the  veffel  with  them  on  glowing 
coals.  If  a  vial  full  of  water  Hands  in  thefe 
freezing  matters,  the  water  is  turned  to  ice,  fo 
the  freezing  matters  diflblve. 
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C  H  A  P.  III. 

Of  the  Effects  of  Wate  r0 

§.  140.  TF  water  infinuates  into  earth,  wood, 

A  and  other  fpungy  bodies,  they  difco- 

ver  a  ftrong  degree  of  expanfion.  Hempen 

ropes  turn  thicker  and  fhorter,  fo  as  to  heave  or 

raife  appended  weights.  If  earth  well  dried,  and 

turned  to  dull,  is  prefled  firm  together  in  a  vef- 

fel,  and  water  poured  thereon,  the  earth  heaves 

or  fwells  fo,  that  fometimes  the  veflel  burffs* 

Which  alfo  happens,  on  filling  a  veflel  with  dry 

beans  and  peafe,  and  pouring  water  on  them, 

and  doling  up  the  veflel.  In  mill-flone  quarries 

it  is  ufual  to  make  fmall  holes  clofe  to  each 

other  quite  round,  about  two  inches  deep,  and 

between  three  and  four  lines  in  diameter  wide. 

► 

Into  thefe  are  driven  with  great  violence  plugs 
of  willow-wood,  that  have  been  well  dried 
in  the  oven,  and  water  poured  on  them.  By 
which  the  plugs  fwell  in  fuch  a  manner,  that  a 
piece  of  the  rock  loofens.  As  in  all  thefe  bodies 
there  are  interfaces  innumerable  and  highly 
fmall,  the  infinuating  water  is  fo  iubtilly  di¬ 
vided,  as  when  refolved  into  fleam.  Were  we 
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therefore  fure,  that  wood,  and  earth,  and  the 
other  fpungy  bodies  did  not  themfelves  contain 
a  certain  elaftic  matter,  which  was  put  into  mo¬ 
tion  by  the  infinuating  aqueous  particles;  from 
the  fweliing  arifing  in  thefe  things  by  the  infi¬ 
nuating  water,  a  proof  might  be  drawn,  that 
water  aded  with  an  elaftic  force,  if  brought  to 
a  ftate,  as  to  be  refolded  into  a  fleam. 

But  it  may  well  be,  that  earth  and  the  other 
fpungy  bodies  contain  an  elaftic  matter,  which 
begins  to  ad  by  means  of  the  infinuating  aque¬ 
ous  particles.  M.  Reaumur  from  many  trials, 
which  he  made  on  the  nature  of  earth,  and  on 
the  charaders  of  the  feveral  fpecies  thereof,  and 
defcribed  in  the  memoires  of  the  Academy  of 
Sciences  for  the  year  1730,  has  difcovered  in 
earth  a  peculiar  odour,  infeparable  from  it.  He 
moiftened  a  number  of  times  a  day  fmall  cakes 
of  earth  for  fourteen  days  together,  and  again 
every  time  left  them  to  dry:  But  in  the  laft  ex¬ 
periment  he  found  them  fmell  no  lefs  than  in 
the  firft.  But  as  earth  fmells  not  unlefs  when 
moiftened;  it  feems  to  him,  one  might  con¬ 
clude,  the  matter  forming  the  odour  of  earth, 
to  be  too  ponderous,  to  be  raifed  barely  by 
the  warmth  of  the  air ;  and  thus  it  became  ne- 
ceftary  for  water  to  refolve  it,  and  carry  along 
with  it  the  odour.  Pofiibly,  lays  he,  water  can¬ 
not  convey  the  odour  far,  and  confequently,  the 
4  *  fphere 
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fphere  of  the  odour  of  earth  is  inconsiderable. 

When  water  penetrates  the  grains  of  earth,  it 
caufes  therein  fome  alteration.  And  the  air- 
bubbles  then  bur  fling  forth  give  fufpicion  of  a 
preceding  fermentation  therein.  Were  this 
rightly  proved,  fays  he  at  lall,  we  ffiould  have 
a  very  probable  reafon  for  the  augmentation  of 
the  volume  of  each  grain  of  earth,  on  being  pe¬ 
netrated  by  water. 

§.  141.  Water  damps  the  violence  of  fire  in 
burning  and  glowing  bodies,  when  poured  in 
a  fufficient  quantity  thereon.  This  effedl  arifes 
from  water  holding  little  fire  in  it,  and  confift- 
ing  of  perfectly  firm  and  hard  parts.  If  there¬ 
fore  a  fufficient  quantity  of  them  comes  on  a 
burning  or  glowing  body;  the  parts  of  the  ex¬ 
cited  fire  part  afunder,  and  acquire  an  unfur- 
mountable  refillance. 

§.  142.  If  pure  fmelted  gold,  or  pure  fmelted 
filver  is  poured  into  cold  water:  Both  of  them 
pafs  through  it  without  any  violent  noife,  and 
become  divided  into  grains.  This  we  call  gra¬ 
nulation.  Whereas  fmelted  iron,  tin  and  lead, 
caufe  a  violent  and  dangerous  commotion  in 
cold  water.  And  if  fmelted  copper  is  poured 
therein,  a  violent  explolion  arifes,  and  water  and 
copper  are  thrown  about  not  without  the  great- 
eft  danger.  The  moft  violent  and  moll  danger¬ 
ous  motion  of  all  arifes  on  pouring  a  little  water 
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only  on  fmelted  copper,  or  iron  or  other  ore. 
Explofion  and  difcharge  are  fo  violent,  as  in  no¬ 
thing  to  come  fhort  of  the  effedts  of  gunpowder. 
The  reafon  may  be  partly  in  the  elafticity  of  the 
aqueous  particles,  and  pofiibly,  chiefly  in  the 
elafticity,  concealed  in  the  particles  of  the  metah 
§.  143.  The  force  with  which  water  diflolves 
certain  bodies,  is  principally  to  be  afcribed  to 
the  fire ;  as  M.  Eller  has  fhewn  from  the  follow¬ 
ing  experiments,  contained  in  his  Differ tation  fur 
la  Nature ,  &  les  proprietes  de  I'eau  commune  con¬ 
fidence  comme  tin  dijfolvant ,  inferted  in  the  me- 
moires  of  the  Berlin  academy  of  fciences,  T.  VI. 
p.  77,  78.  Eight  ounces  of  pure  water,  whofe 
heat  in  Fahrenheit's  thermometer  indicates  the 
33d  degree,  fcarce  diflblve  the  64th  of  their 
weight  of  common  fait.  Then  on  taking  from 
the  water  this  degree  of  heat,  fo  as  to  turn 
to  ice,  the  little  fait  difiolved  finks  to  the  bot¬ 
tom.  W  hereas  on  heightening  the  heat  of  the 
water  to  the  12th  degree  of  Fahrenheit's  thermo¬ 
meter  •,  two  ounces  of  fait  will  be  difiolved  in 
eight  of  water.  And  if  the  heat  of  the  water  is 
raifed  to  boiling,  it  diflolves  almoft  its  own 
weight.  If  the  water  be  fuffered  gradually  to 
remit  irom  the  heat  of  boiling  down  to  the  leaft 
degree,  when  ready  to  turn  to  ice;  you  at  laft 
find  the  whole  quantity  of  difiolved  fait  at  the 
bottom  of  the  vefld.  From  this  it  is  very  evi¬ 
dent. 
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dent,  that  water  diffolves  falts  and  other  bodies 
by  means  of  its  fire. 


PART  IV. 
Of  LIGHT. 

CHAP.  I. 


Of  the  general  Properties  of  Light. 

§•  144-  TQ>Y  light  we  underftand  a  fluid  and 
A3  inviflble  matter,  by  whole  motion 
bodies  become  vifible.  Sometimes  alfb  by  light 
we  mean  this  motion  only. 

It  is  propagated  from  its  fource  in  right  lines* 
which  are  called  rays  of  light.  The  rays  Cm, 
Cn,  Co,  Cd,  flg.  9.  Plate  II.  which  flow  from  a 
point  C,  are  diverging,  or  continue  removing 
ever  farther  afunder,  the  farther  they  move  on 
from  the  radiant  point. 

But  if  the  breadth  of  an  enlightened  furface 
IK,  fig.  12.  Plate  II.  to  the  diftance  of  the  ra¬ 
diant  point  IH,  or  KH,  is,  as  1  to  2000000: 
It  is  the  fame  thing,  as  if  the  rays  HI  and  HK 
fell  parallel  on  the  furface.  For,  in  that  fuppo- 
fition  the  angle  at  H  is  fo  fmall,  that  the  angles 
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at  I  and  K  differ  little  from  right  angles.  And 
confequently  the  rays  HI  and  HK  may  be 
confidered  as  perpendicular  lines,  drawn  from 
H  on  the  line  I K  at  I  and  K.  Such  lines  run 
parallel,  or  ever  remain  equidiftant  afunder. 
When  IK  is  to  IH  or  HK  as  i  to  2000000, 
the  angle  at  H  is  about  a  fecond.  But  the  an¬ 
gles  alfo  at  I  and  K  would  by  the  eye  be  undif- 
tinguifhable  from  two  right  angles,  fuppofing 
the  angle  at  H  to  be  half  a  minute.  And  then 
by  the  greater  canon  of  fines  in  trigonometry 
IK  would  be  to  KH,  as  1454  to  1 000000 ; 
that  is,  as  1  to  6877.  Suppofing  the  breadth 
of  the  furface  IK  to  be  two  lines,  in  that  cafe 

1  PI  is  equal  to  13754  lines.  For,  1  :  6877  :  : 

2  :  13754.  And  thus  a  point,  from  which  the 
light  falls  on  a  breadth  of  two  lines,  being  140 
feet  diftant  therefrom,  the  rays  of  light  appear 
to  ftand  parallel  thereon. 

§.  145.  The  diverging  rays  of  a  luminous 
point  exhibit  either  a  fphere  or  a  cone.  In  both 
cafes  the  denfity  of  the  light  decreafes,  as  the 
fquare  of  the  diflance  from  the  luminous  point 
encreafes,  when  the  rays  extend  thro’  a  fpace,  in 
which  they  are  not  retrained  by  any  interpofing 
matter. 

A  fphere,  formed  by  the  diverging  rays  of  a 
luminous  body,  may  be  divided  into  fpheres  of 
different  magnitudes,  having  the  luminous  point 

for 
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for  their  common  centre.  The  larger  thefe 
fpheres,  the  lefs  the  denfity  of  the  light  on  their 
furfaces ;  as  the  diltances  between  the  diverging 
rays  encreafe  with  the  encreafing  diftance.  And 
thus  the  denfity  of  the  light  on  the  furface  of  a 
Email  fphere,  to  the  denfity  of  the  light  on  the 
furface  of  a  larger,  having  a  common  centre 
with  the  lefs,  is  as  the  furface  of  the  greater  to 
that  of  the  lefs.  Suppofe  the  furface  of  the 
greater  to  that  of  the  lefs,  to  be  as  4  to  1.  And 
thus  the  denfity  of  the  light  on  the  furface  of  the 
lefs,  to  the  denfity  of  the  light  on  that  of  the 
greater,  is  as  4  to  1.  Inftead  of  whole  fpheri- 
cal  furfaces  take  their  halves,  as  the  half  furface 
of  a  lefs  fphere  to  that  of  a  greater,  is  as  the 
whole  furface  of  the  lefs  to  the  whole  furface  of 
the  greater,  fig.  15.  Plate  II.  The  lefs  hemif- 
phere  may  be  defcribed  by  the  femicircle  FCG, 
and  the  greater  by  the  femicircle  DBE.  The 
furfaces  of  thefe  hemifpheres  are  to  each  other, 
as  the  faid  femicircles.  So  that  the  denfity  of 
the  light  on  the  furface  of  the  lefs  hemifphere  to 
the  denfity  of  the  light  on  the  furface  of  the 
greater,  is  as  the  greater  femicircle  DBE  to  the 
lefs  FCG.  But  by  geometry  DBE  is  to  FCG, 
as  the  fquare  of  the  diftance,  or  femidiameter 
AB,  to  the  fquare  of  the  diftance,  or  femidia¬ 
meter  AC.  And  thus  the  denfity  of  the  light 
on  the  furface  of  the  lefs  fphere  in  C,  to  the 

denfity 
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denfity  of  the  light  on  the  furface  of  the  greater 
in  B,  is  as  the  fquare  of  the  greater  diftance  A  B, 
to  the  fquare  of  the  lefs  AC.  If  therefore  AB 
is  =  2  AC,  the  denfity  in  C  to  the  denfity  in 
B,  is  as  4  to  i ;  and  thus  the  denfity  decreafes, 
as  the  fquare  of  the  diftance  encreafes. 

If  the  diverging  rays  of  a  luminous  point  D 
fig.  16.  Plate  II.  form  a  cone:  The  bafes  of  a 
lefs  and  greater  cone,  having  the  luminous  point 
for  their  common  vertex,  are  circles.  But  in 
both  circles  the  number  of  rays  is  equal.  But 
in  the  lefs  they  lye  clofer  together  than  in.  the 
greater.  So  that  the  denfity  of  the  light  in  the 
lefs  circle  EF,  to  the  denfity  of  the  light,  in  the 
greater  AB,  is  inverfely  as  the  greater  circle 
A  B,  to  the  lefs  E  F.  But  the  circle  A  B  to  the 
circle  EF,  is  as  the  fquare  of  the  radius  CB,  to 
the  fquare  of  the  radius  GF.  And  thus  the 
denfity  of  the  light  in  the  lefs  circle  E  F  to  the 
denfity  of  the  light  in  the  greater  AB,  is  as  the 
fquare  C  B  to  the  fquare  G  F.  As  C  B  is  pa¬ 
rallel  with  GF,  CB  is  to  GF  as  DC  to  DG. 
Confequently  the  fquare  C  B  to  the  fquare  G  F, 
is  as  the  fquare  DC  to  the  fquare  DG.  And 
therefore  the  denfity  of  the  light  in  G,  to  the 
denfity  of  the  light  in  C,  is  as  the  fquare  DC  to 
the  fquare  DG.  Suppofe  DC  =  2  DG.  And 
thus  the  denfity  in  G  to  the  denfity  in  C,  is  asi 
4  to  ij  and  the  denfity  in  C  to  that  in  G,  as  1 
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to  4.  So  that  the  denfity  of  the  light  in  C  de¬ 
crees,  as  the  fquare  of  the  diftance  CD  en- 
creafes. 

If  therefore  the  rays  of  light  AD  and  BD, 
fig\  16.  Plate  II.  are  converging,  and  unite  in  a 
point  D;  their  denfity  encreafes,  as  the  fquare 
of  the  diftance  decreafes. 

§.  146.  In  the  denfity  of  the  rays  the  power 
or  intenfity  of  the  light  confifts.  And  thus  if 
light  difflnes  itfelf  in  diverging  rays,  reftrained 
by  no  interpofing  matter;  the  intenfenefs  of  the 
light  at  the  farther  diftance,  to  the  intenfity  at 
the  nigher,  is  as  the  fquare  of  the  nigher  dis¬ 
tance  to  the  fquare  of  the  farther  diftance. 

§.  147.  No  one  ray  of  light  impedes  the  other 
in  its  abtion,  fig.  13.  Plate  II.  For,  if  for  in- 
ftance,  rays  fall  from  three  luminous  bodies  A, 
B,  C,  through  a  narrow  hole  upon  a  wall  in  a 
lark  room;  each  luminous  body  will  be  pidtured 
)r  reprefented  apart  thereon,  as  in  a ,  b,  c.  And 
ag.  14.  Plate  II.  if  rays  of  light  fall  from  a 
ingle  body  B  through  a  number  of  fmall  holes 
ipon  a  wall  in  a  dark  room ;  the  fingle  body  ap¬ 
pears  as  many  times  thereon,  as  there  are  holes : 
is  fuppofe  the  holes  are  in  b ,  b ,  h. 

§.  148.  And  in  this  manner,  according  m 
Wufihenbroeck  in  his  Inflitutiones  Pbvfic^,  §.  1070, 
ve  may  dilcover,  how  infinitely  fine  or  fubtle 
he  rays  of  light  mull  needs  be.  If  you  lay 

your- 
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yourfelf  on  your  back,  and  cover  one  eye  with 
a  paper,  through  which  a  hole  is  made,  whofe 
fpace  admits  twenty  hairs  of  the  head;  through 
this  hole  you  may  iurvey  half  the  heavens;  which 
is  fo  extenfive,  as  to  be  capable  of  containing 
iooo,  ooo,  ooo,  ooo,  coo  fixt  ftars.  Suppofing 
there  come  from  a  fingle  one  ioo  rays  of  light 
only  into  the  faid  opening  or  hole,  a  hundred 
thoufand  billions  of  rays  of  light  would  prefs 
through  it  into  the  eye.  Divide  ioo  by  20. 
And  thus  a  ray  of  light  would  be  five  thoufand 
billions  of  times  finer  than  a  hair  of  one’s  head. 

§.  149.  If  the  aperture  is  lefs  than  the  lumin¬ 
ous  body  ABC,  fig.  13.  Plate  II.  it  would  be 
reverfed  on  the  wall,  as  cba .  For  tho’  rays  are 
emitted  from  each  point  thereof  in  right  lines; 
yet  on  account  of  the  narrownefs  of  the  hole, 
only  thofe,  which  proceed  from  the  upper  parts 
obliquely  down,  and  from  the  under  parts  ob¬ 
liquely  up,  can  force  through  the  aperture. 
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CHAP.  II. 

Of  the  Reflection  of  the  Rays  of  Light. 

§•  I5°-  A  Smooth  and  opaque  furface  of  a 
AX.  body,  whether  plain  and  even,  or 
bent,  is  called  a  mirrour  or  fpeculum.  If  a  ray  of 
>the  fun  falls  in  a  right  line  FE,  fig.  17.  Plate  II, 
on  a  plain  mirrour  AB,  it  will  be  reflected  from 
E  to  ED  in  fuch  a  manner,  as  that  the  angle  of 
refledhon  D  E  B  is  equal  to  the  angle  of  incidence 
FEA.  Experience  itfelf  teaches  this,  when  the 
mirrour  is  a  portion  of  a  fphere,  and  either  con- 
i/ex  as  ab,  or  concave  as  *ß.  If  the  ray  falls  in 
he  perpendicular  CE  on  this  mirrour,  it  is  re¬ 
medied  back  on  itfelf ’ 

§.  151.  The  perpendicular  line  CE,  fig. 

3late  II.  to  the  mirrour  in  the  point  E,  in  which 
he  ray  falls  from  F,  and  from  which  it  is  re- 
ledted  to  D,  is  called  the  cathetus  of  obliquation, 
.nd  forms  equal  angles  with  the  incident  ray 
"E,  and  the  reflected  £  D,  be  the  fpeculum  either 
ilain,  concave  or  convex.  If  the  mirrour  AEB 
fiat,  the  perpendicular  line  CE  forms  with 
S  A  and  EB  the  right  angles  0  +  y  and  x  +  u, 
diich  are  mutually  equal.  The  angle  of  inci- 

dence 


Of  FLUID  BODIES. 

dence  o9  which  is  made  by  the  incident  ray  F  E 
with  EA,  is  in  like  manner  equal  to  the  angle 

■»vrf 

of  reflection  x9  which  the  reflected  ray  ED 
makes  with  EB,  §.  150.  And  deducting  equal 
quantities  from  equal  quantities,  as  0  from  o+y9 
and  x  from  x  +  u9  there  remain  equal  quantities 
y  and  u. 

The  incidence  and  reflection  happen  in  the 
point  E,  which  remains  the  fame,  be  the  furface 
ftraight  or  bent.  The  reflection  on  the  concave 
fpeculum  oc Ej3,  and  the  convex  öE£,  happens 
therefore  in  the  very  fame  manner  as  on  the 
plain  AEB.  So  that  alfo  the  angle  y  is  equal 
to  the  angle  u  on  the  convex  and  concave  mir- 
rours. 

§.  152.  The  centre  C,  fig.  17.  Plate  II.  of  a 
fphere,  of  which  a  fpherical  fpeculum  is  a  feg- 
ment,  is  called  the  centre  of  the  fpherical  fpe¬ 
culum.  Thro’  this  the  cathetus  of  obliquation 
always  pafles  on  a  fpherical  fpeculum  C  E :  As 
each  line,  perpendicular  to  the  periphery  of  a 
circle,  muft  pafs  through  its  centre. 

§.  153.  The  diameter  of  a  fphere  AC  B,  fig.  1. 
Plate  III.  of  which  a  concave  fpeculum  I  BE  it 
a  fegment,  is  called  the  diameter  of  the  concave 
fpeculum ;  and  in  fo  far  as  it  pafles  through  the 
middle  of  its  arch  at  B,  its  axis.  The  chord 
which  may  be  drawn  from  I  the  one  extremity 
of  the  greateft  arch  of  the  fpeculum  to  E  the 

othe.’; 
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other  extremity,  is  called  the  breadth  cf  the  eon- - 
cave  mirrour . 

§.  154.  If  a  ray  of  the  fun  DE,  fig.  1.  Plate 
III.  which  falls  on  a  concave  fpeculum  parallel 
to  its  axis,  §.  144.  forms  with  the  cathetus  of 
obliquation  CE  an  angle  m  of  60  Degrees  j  the 
reflected  ray  falls  on  the  furface  of  the  fpeculum, 
and  unites  itlelf  at  B  with  its  axis.  For,  as  the 
parallel  lines  AB  and  DE  are  interfered  by  the 
right  line  C  E,  the  alternate  angles  p  and  m  are 
mutually  equal.  And  thus  if p  =  60  Degrees. 
As  »  is  equal  to  m,  §.  151;  fo  alfo  n  =  6o°.  If 
the  lum  of  two  angles  in  a  triangle  makes  120°, 
the  third  angle  is  60°.  So  that  in  the  triangle 
BCE  the  angle  u  =  60°.  A  triangle,  in  which 
each  angle  is  6o°,  is  equilateral.  So  that  BE 
=  B  C,  the  radius ;  and  muft  therefore,  as  the 
fide  of  a  hexagon,  fall  on  the  point  of  the  peri¬ 
phery  B,  in  which  CB  terminates. 

§.  1 55.  But  if  the  incident  ray  K  G,  fig.  1 
Plate  III.  forms  with  the  cathetus  of  obliquation 
G  C  an  angle  0,  which  is  under  60  degrees ;  the 
reflected  ray  G  F  joins  with  the  axis  A  B  in  the 
point  F,  diftant  from  the  furface  of  the  fpecu¬ 
lum  lefs  than  about  a  fourth  of  a  diameter  of 
the  fpeculum.  For,  not  only  the  angle  x,  §. 
151.  but  alfo  the  angle  y,  as  an  alternate  angle, 
is  equal  to  the  angle  0.  So  that  in  the  triangle 
GCF  and  the  angles  *  and  y  at  the  bafe  are 

4  mutually 
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mutually  equal,  and  confequently  alfo,  the  legs 
CF  and  GF.  Now  as  the  angle  o  is  under  60 
degrees ;  fo  alfo  as  well  the  angle  y  as  x  is  under 
60  degrees.  And  therefore  the  angle  a  is  greater 
than  y  and  x  feparately.  To  the  greateft  angle 
in  a  triangle  {lands  oppofed  the  greateft  fide. 
And  thus  GC  is  greater  than  the  remedied  ray 
GF.  So  that  GF  cannot  unite  with  the  axis 
AB  at  the  point  B  on  the  furface  of  the  fpecu- 
lum.  For,  that  can  only  happen,  when  the  re¬ 
flected  ray  is  equal  to  the  cathetus  of  obliqua- 
tion,  §.  154* 

But  the  diftance  FB,  which  the  point  F  has 
from  the  furface  of  the  fpeculum  at  B,  is  left; 
than  a  fourth  of  the  diameter,  or  than  the  half 
of  the  radius.  For,  as  in  each  triangle  the  fum 
of  two  fid  es  is  greater  than  a  fingle  fide ;  fo  is; 
CF  +  GF  greater  than  the  radius  GC;  and! 
>  confequently  alfo,  greater  than  the  radius  CB, 
as  being  equal  to  the  other.  If  you  fubftradt 
from  a  greater  and  lefs  quantity  two  equal 
quantities;  the  greater  leaves  a  greater;  and  the 
lefs,  a  lefs  remainder  behind. 

Nov/  if  C  F  +  G  F  is  greater  than  F  B  4  C  F 
and  GF  is  equal  to  CF. 

C  F  is  greater  than  F  B. 

And  therefore  F  B  is  ftill  fhort  of  a  fourth  o< 
the  diameter,  or  a  half  of  the  radius  of  the  con 
cave  fpeculum. 
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§.  156.  When  thus  the  rays  of  the  fun  fall  on 
the  furface  of  a  concave  fpeculum,  parallel  with 
its  axis,  and  with  the  cathetus  of  obliquation 
make  an  angle  tinder  6o°;  they  will  be  reflected 
and  united  into  a  fmall  fpace  before  the  furface, 
at  a  diflance,  lefs  than  a  fourth  of  its  diameter  , 
and  thus  come  together  denfer  therein,  than  they 
are  on  the  concave  furface.  The  rays  of  the 
fun  col  levied  in  this  fpace  have  the  power  ot 
heating,  fetting  on  fire  and  melting.  And  hence 
this  fpace  is  called  the  burning-point  or  focus * 
and  the  concave  fpeculum,  a  burning-mirroun 
The  effects  of  the  large  burning-mirrours,  exe¬ 
cuted  by  Tfchirnhaufen  are  defcribed  in  the  Aft  a 
Eruditorum ,  for  the  month  of  January  1687. 

157.  The  lefs  the  angle  0,  fig.  1.  Plate  III^ 
which  the  incident  rays  KG  make  with  the  ca¬ 
thetus  of  obliquation  G  C,  the  clofer  the  reflected 
rays  G  F  run  together  in  the  focus,  The  angle 
0  is  equal  to  the  angle  y.  This  lafl  is  meafured 
by  the  arch  GB.  If  GB  is  taken  double,  you 
have  the  arch  of  the  whole  breadth  of  the  con» 
cave  mirrour.  And  hence  in  that  cafe  we  are 
to  confider  the  number  of  degrees  of  its  arch* 
Suppofing  the  angle  0  or  y  —  15  degrees,  the 
arch  of  the  breadth  has  30  degrees.  In  a  concave 
mirrour  of  a  fmall  fphere  a  greater  breadth  than 
this,  contributes  nothing  confiderable  to  the  in- 
tenfenefs  of  the  rays.  If  the  burning  mirrour  if 

Vol.  I.  CL  of 


22  6 


OF  FLUID  BODIES, 

of  a  larger  fphere,  the  arch  of  the  breadth  need 
be  only  18  degrees  at  moft,  and  confequently 
the  angle  o  or  y  9  degrees  only.  For,  the 
greater  the  fphere,  the  greater  is  a  degree  in  the 
arch  of  the  breadth.  Suppofing  15  degrees  in 
the  arch  of  a  greater  burning-mirrour  to  extend 
through  as  great  a  curvity,  as  30  degrees  in  the 
arch  of  a  lefs  burning-mirrour;  the  reflected 
rays  run  together  equally  clofe  in  both  foci. 
And  if  thus  the  breadth  of  this  greater  burning 
mirrour  had  in  like  manner  an  arch  of  30 -de¬ 
grees;  all  the  rays,  which  fhould  run  from  off 
the  concave  furface  from  the  30th  to  the  15th 
degree  into  the  focus,  would  be  more  diftant 
afunder,  than  the  rays  in  the  focus  of  the  lefs 
burning  mirrour,  whofe  breadth  was  an  arch  of 
30  degrees.  Confequently  they  would  not  a<5t 
in  the  focus  much  ftronger -than  the  rays  in  the 
focus  of  the  lefs  fpeculum. 

§.  158.  As  the  rays  come  therefore  always 
denfer  together  in  the  focus,  the  lefs  the  angle  0 
or  fo  the  focus,  in  which  the  rays  are  denfer 
together,  is  further  diftant  from  the  concave 
furface  than  the  focus,  in  which  the  rays  have  a 
lefs  degree  of  denfity.  But  the  diftance  of  the 
focus  F,  fig.  1.  Plate  III.  will  be  never  equal  to 
half  the  radius,  §.  155.  The  point,  where  the 
radius  BC  is  biffected,  call  0.  The  denfer  there¬ 
fore  the  rays  in  the  focus  F,  the  nearer  they  are 

to 
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to  the  point  o ,  and  the  lefs  the  line  between  o 
and  F.  The  lefs  this  line,  the  greater  number 
of  times  it  is  contained  in  half  the  radius.  In 
order,  therefore,  to  know  how  the  denfity  of  the 
rays  decreafes,  fo  the  breadth  of  the  arch  en- 
creafes  with  the  number  of  its  degrees,  in  the 
cale  of  having  burning  mirrours  of  equal  dia¬ 
meters  or  fpheres;  the  ratio  of  the  line  oF  to 
half  the  radius  BC  muft  be  made  out  by  calcu¬ 
lation.  How  to  perform  this,  baron  Wolfius 
Brews  in  his  Element  a  Catoptric  ,  §.  21 1.  As 
fuppofe  the  breadth  of  the  arch  of  the  concave 
fpeculum  to  be  6  degrees;  0 F  is  to  half  the  ra¬ 
dius,  or  to  the  radius  BC,  as  1  to  1457.  If  ^ie 
breadth  of  the  mirrour  is  30  degrees;  oF  is  to 
the  radius  of  the  mirrour,  as  1  to  56. 

§.  159.  But  if  one  burning  mirrour  Is  of  a 
greater  fphere  than  another;  its  focus  has  a 
greater  degree  of  power  or  intenfenefs,  than  the 

focus  of  that  other,  when  the  arches  of  their 

*  % 

breadth  are  mutually  equal  in  number  of  de¬ 
grees.  For,  the  concave  furface  of  the  mirrour 
of  the  greater  fphere  intercepts  a  greater  number 
of  rays,  than  the  concave  furface  of  the  mirrour 
of  the  lefs  fphere. 

§.  160.  As  the  focus  of  a  concave  fpeculum 
falls  between  the  fourth  and  fifth  part  of  its  dia¬ 
meter,  §.  155;  the  diftance  of  the  focus  from  the 
concave  furface  is  the  greater,  the  greater  the 

0.2  diameter 
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diameter  of  the  burning  mirrour.  As  fuppofe 
a  burning  fpeculum  to  be  an  ell  in  diameter; 
and  another  4  ells ;  the  focus  of  the  firft  falls 
almoft  a  quarter  ol  an  ell,  and  of  the  fecond  al- 
moft  an  ell  diftant  from  the  concave  furface. 
The  Roman  fleet  in  the  days  of  Archimedes ,  lay 
at  leaft  30  paces  diftant  from  the  walls  of  Syra- 
cufe .  Should  Archimedes  therefore  have  fet  the 
fhips  on  fire  with  a  fpherical  burning  mirrour, 
its  diameter  mu  ft  have  been  upwards  of  120 
paces. 

§.  1 61.  The  rays  which  fall  on  a  fpherical 
convex  fpeculum  HI,  fig.  2.  Plate  III.  in  fuch 
a  manner,  as  that  they  run  parallel  with  its  axis 
BC,  become  diverging  by  the  refledion.  The 
ray  AB  returns  on  itfelf,  §.  150.  The  cathetus 
of  obliquation  EF,  drawn  to  the  point,  on 
which  the  parallel  ray  DE  falls  on  the  fpecu¬ 
lum,  makes  with  the  radius  E  C  of  the  fpeculum 
a  right  line.  The  radius  EC,  and  the  axis  BC 
are  diverging.  And  therefore  alfo  the  cathetus 
of  obliquation  EF,  and  the  incident  ray  DE 
parallel  with  the  axis,  are  diverging.  The  ca¬ 
thetus  of  obliquation  forms  equal  angles  between 
the  incident,  ray  DE  and  the  refieded  EG,  §. 
15 1.  And  therefore  the  refieded  muft  be  di¬ 
verging  from  the  parallel  incident  ray. 

§.  162.  A  fpherical  convex  fpeculum  refleds 
therefore  the  incident  rays  parallel  with  its  axis 
•  3  ia 
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in  fuch  a  manner,  as  after  the  reflexion  to  ad 
with  a  much  weaker  force. 

§.  1 63.  A  plain  fpeculum  refleds  parallel  the 
parallel  incident  rays.  Thefe  refleded  rays  gain 
therefore  no  greater  force,  than  they  had  in  the 
incidence. 


CHAP.  III. 


Of  the  Refradion  of  the  Rays  of  Light. 

§.  1 64.  TI7HEN  a  ray  of  light  paffes  out  of 
▼  ▼  one  medium  into  another,  and  in 
that  other  medium  proceeds  in  a  line,  which 
makes  an  angle  with  the  former;  this  change  of 
diredion  is  called  its  refraction.  But  both  fpaces 
or  mediums  muft  differ  in  denfity,  fig.  1.  Plate 
IV.  Suppofe  the  medium  ABC D  to  be  glafs, 
and  the  medium  round  the  glafs  to  be  air. 
Draw  at  F  the  perpendicular  EFG,  and  at  K 
the  perpendicular  HKI.  If  a  ray  of  light  NF 
falls  obliquely  on  AB,  it  proceeds  not  along 
NFL,  but  breaks  itfelf  in  the  glafs,  and  inclines 
towards  the  perpendicular  F  G,  and  goes  on  un¬ 
varied  to  the  limits  of  the  glafs  K.  But  in  the 
iffuing  out  at  K  it  proceeds  not  to  P,  but  turns 
or  declines  from  the  perpendicular  KI,  and 

0.3  takes 
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takes  the  line  KO.  If  a  ray  falls  perpendicular 
it  goes  on  unbroken,  or  unrefradted  through  the 
medium  into  which  it  enters. 

§.  165.  The  angle  which  the  ray  NL  incident 
on  and  propagated  through  the  glafs,  and  the 
broken  or  refradled  F  G  forms  at  F  in  the  glafs, 
is  called  the  angle  of  refraction :  The  angle  which 
the  refradled  ray  FK  makes  with  the  perpendi¬ 
cular  F  G,  or  the  axis  of  refraction ,  at  F  in  the 
glafs,  the  refracted  angle :  And  the  angle,  which 
the  incident  ray  N  F  forms  with  the  perpendicu¬ 
lar  EF,  or  the  axis  of  incidence  at  F,  the  angle  of 
inclination . 

§.  166.  Defcribe  with  the  perpendicular  AC 
an  arch  AD;  and  with  the  perpendicular  CG, 
an  arch  GE.  fig.  3.  Plate  III.  The  angle  of 
inclination  D  C  A,  which  the  ray  D  C,  incident 
out  of  air  into  glafs,  forms  with  the  perpendicu¬ 
lar  AC,  is  equal  to  the  vertical  angle  ECG,  on 
producing  the  perpendicnlar,  and  the  incident 
ray  through  the  fpace  or  medium  RM.  CF  is 
the  refradled  ray,  and  confequently  the  angle 
FCG  the  refradled  angle.  The  perpendicular 
line  HE,  drawn  from  the  point  E,  where  the 
arch  GE  interfedls  the  line  EC,  to  CG;  as  alfo 
the  perpendicular  line  Dc,  drawn  from  the 
point,  where  the  arch  AD  interfedls  the  line 
DC,  to  A  C,  is  the  fine  of  the  angle  of  inclina¬ 
tion  ACP;  and  the  perpendicular  line  IK, 

drawn 
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drawn  from  the  point  I,  where  the  arch  G I  in- 
cerfedts  the  refracted  ray  CF,  to  GC,  the  fine 
of  the  refradted  angle  FCG.  The  fine  of  the 
angle  of  inclination  is  in  a  constant  ratio  to  the 
fine  of  the  refracted  angle,  as  3  to  2  nearly; 
when  the  refradtion  happens  out  of  air  into 
glafs:  And  conftantly  almoft  as  4  to  3,  when 
the  ray  is  refradted  out  of  air  into  rain-water. 
And  having  therefore  by  obfervation  an  angle 
of  inclination,  and  found  the  refradted  angle  an¬ 
swering  thereto  ;  the  other  refradted  angles  ac¬ 
cording  to  any  angle  of  inclination  may  be 
found  by  calculation :  As  Zahn  in  his  0 cuius  Ar¬ 
tificiality  has  calculated,  and  reduced  to  a  table 
all  refradted  angles,  when  the  rays  are  refradted 
out  of  air  into  glafs,  as  alfo  the  angles  of  re¬ 
fradtion  according  to  any  angle  of  inclination 
throughout  the  quadrant  of  a  circle.  You  find 
the  angle  of  refradtion,  fo  you  dedudt  the  re¬ 
fradted  angle  from  the  angle  of  inclination.  For 
this  laft  is  the  fum  of  the  refradted  angle,  and 
the  angle  of  refradtion.  As  if  the  angle  of  in¬ 
clination  is  30  degrees,  and  the  refradted  angle 
19  degrees,  29  minutes,  and  29  feconds;  the 
•angle  of  refradtion  is  io°  3©'  31". 

§.  1 67.  If  therefore  the  angle  of  inclination 
of  a  ray,  falling  out  of  air  into  glafs,  is  under 
30  degrees;  the  angle  of  refradtion  ECF,  fig.  3. 
Plate  III.  is  4  nearly  of  the  angle  E  C  G,  and 
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confequently  of  the  angle  of  inclination  A  CD, 
The  experiment,  whereby  Kepler  difcovered  this 
propofition,  and  the  inflrumentum  anadafiicum , 
devifed  by  Hawkjbee ,  by  which  the  refradtion 
may  be  obferved  in  different  fluids,  baron  WoU 
fius  defcribes  in  his  Experiments ,  F.  II.  §.  153» 

fii- 

§.  168.  If  we  confider  the  refradted  ray  IC  in 
glafs,  as  a  ray  which  goes  out  of  glafs  into  air 
to  D;  it  is  fo  refradted,  as  juft  to  fall  in  the  line 
CD,  in  which  it  was  incident  from  air  into 
glafs.  So  that  ICG  is  the  angle  of  inclination, 
which  the  ray  IC  in  glafs  forms  with  the  per¬ 
pendicular  CG  \  and  A  CD  the  refracted  angle, 
which  the  refradted  ray  C  D  out  of  glafs  into  air 
forms  with  the  perpendicular  AC.  And  thus 
the  perpendicular  IK  is  the  fine  of  the  angle  of 
inclination,  to  which  the  perpendicular  n B,  on 
account  of  the  equal  vertical  angle  at  C,  is  equal. 
On  the  contrary,  the  perpendicular  oD  is  the 
fine  of  the  refradted  angle.  The  perpendicular 
EH  is  equal  to  the  perpendicular  <?D,  as  the 
angles  at  C  are  vertical.  The  fine  of  the  angle 
of  inclination  is  to  the  fine  of  the  refradted  angle 
conftantly  as  2  to  3,  when  the  ray  is  refradted 
out  of  glafs  into  air. 

§.  169.  As  the  angle  ECF  ==  ~  of  the  angle 
EC G ;  fo  is  the  angle  F C G  =  \  °f  EC G.  So 
that  the  angle  ECF  =  ~  FCG,  The  angle  of 
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refrafbion  BCD  is  equal  to  the  angle  ECF, 
being  two  vertical  angles.  If  therefore  the  an¬ 
gle  of  inclination,  which  a  ray  in  glafs  forms 
with  the  perpendicular,  is  under  30  degrees» 
the  angle  of  refraction,  which  the  refradted  ray 
out  of  glafs  into  air  forms  with  the  produced 
ray,  half  the  angle  of  inclination. 

§.  170.  A  glafs,  which  is  a  portion  of  a  fphe- 
rical  furface,  is  called  a  Leus,  whofe  fize  is  efli- 
mated  by  the  diameter  of  the  fphere,  of  whofe 
furface  it  is  a  portion.  And  thus  a  glafs  or  lens 
of  3  feet  is  a  portion  of  a  fpherical  furface  3  feet 
in  diameter. 

§.  17 1.  Thefe  glafles  or  lenfes  are  divided  into 
convex  and  concave.  The  convex  are  either 
convex  on  one  fide  only,  and  on  the  other  fide 
plain,  fig.  2.  Plate  IV;  or  convex  on  both  fides, 
fig-  4.  The  concave  are  in  like  manner  either 
concave  on  one  fide  only,  and  plain  on  the  other» 
fig,  5.  or  concave  on  both  fides,  fig.  6. 

§.  172.  The  right  line,  which  goes  through 
the  middle  of  a  lens,  and  through  the  centre  of 
the  fphere,  of  whofe  furface  it  is  a  part,  is  called 
the  axis  of  the  lens ;  as  CBF,  fig.  2.  CKE,  fig, 
4.  CHA,  fig.  5.  IK,  fig.  6.  The  centre  C  of 
the  fphere,  from  which  the  lens  is  taken,  is  alfo 
called  the  centre  of  the  lens .  The  right  line, 
drawn  from  it  to  the  point,  where  a  refradted 
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ray  falls  in  or  out,  is  called  a  perpendicular,  as 
CIK,  fig.  2. 

§.  173.  A  ray  of  light,  falling  on  a  curve 
fur  face,  is  in  the  fame  manner  refradted  in  it,  as 
if  fallen  on  a  plain  furface,  in  contadt  with  the 
curve  in  the  point  of  incidence.  For,  the  ray  is 
refradted  in  an  infinitely  fmall  part,  §.  148. 
which  both  furfaces  have  mutually  in  common. 

§.  1 74.  A  ray  of  light,  falling  on  the  axis  of 
a  lens,  flands  like  it  perpendicular  on  the  lens, 
and  goes  therefore  unrefradted  through,  §.  164. 
The  other  rays  of  light,  running  on  the  curve 
furface  of  the  lens  parallel  with  its  axis,  form 
an  oblique  angle  with  the  perpendicular,  as  HI 
v/ith  KI,  fig.  2. 

§.  175.  As  the  glafs  of  a  lens  has  the  fame 
denfity  throughout,  the  rays  refradted  therein  go 
out  in  right  lines,  §.  164. 

§.  1 76.  If  a  ray  of  light  GL  is  incident  on 
the  plain  furface  of  a  convex  lens  D  B I  parallel 
with  its  axis  CBF,  and  fo  near  it,  that  the  an¬ 
gle  of  inclination  GIC  or  HIK  makes  not  30 
degrees ;  it  will  unite  therewith  behind  the  lens 
at  the  diftance  of  its  diameter,  fig.  2.  Plate  IV. 
As  the  ray  GH  falling  perpendicular  on  the  plain 
furface,  it  proceeds  unrefracted  on  to  the  exit  at  I. 
Were  the  furface  there  plain,  it  would  proceed 
fljraight  on  along  IH.  But  on  account  of  the 
curve  furface  it  is  refradted.  And  as  this  hap¬ 
pens 
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pens  in  the  exit,  it  is  refra&ed  from  the  perpen¬ 
dicular  CIK  to  the  axis  CBF.  The  angle  of 
refraction  FIH  is  =  4.  the  angle  of  inclination 
HIK,  §.  169.  The  parallel  lines  GIH  and 
ACF  are  interfered  by  the  perpendicular  CIK* 
And  thus  the  external  angle  HIK  is  equal  to 
the  internal  FCI,  and  the  angle  FIH  to  the 
alternate  angle  IFC.  And  therefore  in  the  tri¬ 
angle  FCI  the  angle  F C I  is  to  the  angle  IFC, 
as  2  to  1.  If  the  angles  are  not  tob  great,  we 
may  without  any  confiderable  error  affume,  the 
fides  to  be  to  each  other  as  the  oppofite  angles. 
Confequently,  the  line  FI  =  2  Cl.  But  Cl  is 
the  radius  of  the  lens.  And  therefore  the  dis¬ 
tance  FI  is  equal  to  its  whole  diameter.  As 
F I  is  very  near  the  axis  F  B,  there  is  between 
them  in  length  no  confiderable  difference.  So 
that  the  refraCted  ray  FI  concurs  with  the  axis 
in  the  point,  which  is  diftant  from  the  curve 
furface  about  the  quantity  of  the  diameter  of  the 
lens. 

If  the  ray  of  light  falls  out  of  air  on  the  con¬ 
vex  furface  of  the  lens  parallel  with  its  axis,  as 
well  entering  as  going  out,  it  undergoes  a  re¬ 
fraction:  For,  as  in  entring,  it  is  refraCted  on 
the  convex  furface,  it  comes  under  an  oblique 
angle  on  the  plain  furface.  And  therefore  alfo 
in  the  going  out  of  the  plain  furface  into  the  air 
it  is  refracted,  §.  164.  And  confequently  the 
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diftance  at  which  it  unites  with  the  axis  is  fome- 
what  lefs  than  the  diameter  of  the  lens.  Ac¬ 
cording  to  baron  Wolfius  in  his  Element  a  Cat  op  - 
trie*?,  §.  173.  feq.  the  difference,  by  which  the 
diftance  of  union  is  lefs  than  the  diameter 
amounts  to  4  of  the  thicknefs  of  the  lens.  But 
if  this  laft,  in  regard  to  the  fphere,  from  which 
the  lens  is  taken,  is  inconfiderable;  the  diftance 
of  union  is  to  be  coniidered  as  equal  to  the  dia¬ 
meter  of  the  lens.  Yet  more  rays  run  to  the 
axis  of  the  tens,  when  the  light  falls  out  of  air 
on  the  convex  furface,  than  when  it  firft  comes 
on  the  plain  furface. 

§.  1 77.  The  rays  of  the  fun  colle&ed  in  the: 
point  F,  which  are  incident  parallel  with  the: 
axis  ACB,  §.  144.  have  a  burning  force.  And! 
hence  the  point  F,  in  which  the  rays  of  the  fun: 
refracted  out  of  the  lens  unite  with  the  axis,  is. 
called  the  burning-point ,  and  the  lens  a  burning - 

gfofe- 

§•  178.  If  the  lens  HEK  is  convex  cn  both 
iides,  the  diftance  of  the  focus  F  is  nearly  equal 
to  the  radius,  fig.  4.  Plate  IV.  The  demonflra- 
tion  baron  Wolfius  gives  in  his  German  Elem . 
Diopt.  §.  23.  As  the  burning-glaffes,  convex 
on  both  Tides,  colled  the  rays  into  a  narrower 
fpace,  than  thofe  that  are  convex  on  one  fide 
only;  fo  alfo  their  focus  has  greater  force  than! 
that  of  the  others.  Among  burning-glaffes  thofe 
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of  Tfchirnhaufen  claim  the  preference,  and  are 
idefcribed  in  the  A  ft  a  Erudilor .  for  the  year  1697. 
p.  414.  feqf. 

§.  1 79.  If  a  ray  P£,  fig.  3.  Plate  IV.  is  inch 
dent  on  a  glafs  fphere  parallel  with  its  axis 
ACB  under  30  degrees;  it  will  be  united  with 
the  axis  behind  the  fphere  in  F  at  the  di fiance 
of  a  fourth  of  its  diameter.  The  demonftration 
you  find  in  baron  Wolfius's  German  Elem .  Dioptr. 
§•  18. 

§.  180.  If  the  rays  falling  on  a  lens  run  di¬ 
verging  with  the  axis,  their  focus  is  farther  dis¬ 
tant  from  the  lens  than  the  focus,  which  the 
rays  falling  parallel  with  the  axis  form.  This 
baron  Wolfins  demonftrates  in  his  Elementa.  Biop - 
*ric<e9  §.  223. 

§.  18 1.  The  parallel  rays,  which  go  out  of  a 
xanfparent  medium  through  a  plain  furface  into 
mother,  remain  parallel  alfo  in  that  other,  tho* 
30th  mediums  differ  in  denfity,  fig.  3.  Plate  III. 
For,  if  the  rays  AC  and  LC  fall  perpendicular 
>n  the  refracting  furface  RCCM,  they  pals  thro* 
mrefraCted,  §.  164.  and  muft  therefore  remain 
parallel.  But  if  the  rays  DC  and  HC  fall  ob- 
iquely  on  the  refracting  furface,  but  mutually 
parallel,  the  angles  of  incidence  D  C  C  and 
FT  CM  are  mutually  equal.  For,  as  the  retraci¬ 
ng  furface  is  to  be  considered  as  a  line,  by 
■vhich  the  parallel  lines  D  C  and  H  C  are  inters 
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felled;  the  external  angle  H CM  is  equal  to  the 
internal  DCC.  So  that  alfo  the  angles  of  in* 
clination  A  CD  and  LCH  are  mutually  equal 
For,  A  CD  with  DCC  makes  a  right  angle: 
and  LCH  with  HCM  in  like  manner  a  rio-h1 

D 

angle,  which  is  equal  to  the  other.  And  fub- 
trading  equals  from  equals  the  remainder .  i«i 
equal.  Now  the  fines  of  the  angles  of  inclfoa 
tion  have  always  one  and  the  fame  ratio  to  the 
fines  of  the  refraded  angles,  §.  166,  and  1 68 
And  therefore  alfo  the  refraded  angles  F  C  G 
and  pCq  are  mutually  equal.  But  FCG  with 
FCR  forms  a  right  angle;  as  alfo  pCq  with 
pCC.  And  if  thus  from  thefe  right  angles, 
which  are  mutually  equal,  you  dedud  the  equa, 
angles  FCG  andy>C<^;  there  remain  the  equa 
angles  FCR  and  p CC.  If  two  lines  CF  anc 
Cp  are  fo  interfeded  by  a  third,  that  the  exter¬ 
nal  angle  is  equal  to  the  internal;  the  interfedec 
lines  C  F  and  Cy>,  as  refraded  rays,  are  mutually 
parallel. 

§.  182.  If  therefore  the  rays  of  the  fun  fal 
on  a  glafs,  plain  on  both  fides,  either  under  a 
right  or  an  oblique  angle;  they  will  thereby  be 
brought  neither  to  a  narrower,  nor  a  wide* 
fpace.  And  thus  with  a  glafs,  plain  on  both 
hides,  there  is  no  burning. 

§.  183.  If  a  ray  of  light  is  incident  paralle.: 
with  the  axis  on  a  glafs,  concave  either  on  one 

fick 
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fide  or  on  both ;  the  rays  will  be  refracted  from 
the  axis,  and  after  refradion  ever  continue  re¬ 
ceding  farther  from  it,  the  farther  they  proceed. 
If  the  glafs  is  plain  on  one  fide,  and  on  the  other 
concave,  fig.  5.  Plate  IV.  the  ray  OPI  goes  un~ 
refraded  to  the  limit  H.  But  here  in  the  exit  it 
is  refraded  from  the  perpendicular  CH,  §.  164. 
and  thus  in  its  progrefs  ever  removes  farther 
from  the  axis  ACB.  If  the  glafs  is  on  both 
fides  concave,  fig.  6.  Plate  IV.  the  parallel  inci¬ 
dent  ray  LN  recedes  from  the  axis  AIKB  as 
well  in  the  ingrefs  as  egrefs.  For  in  the  ingrefs 
it  is  refraded  towards  the  perpendicular,  drawn 
from  I  through  the  point  of  ingrefs,  §.  164. 
Now  as  this  perpendicular  recedes  from  the 
axis,  fo  mud:  alfo  the  refraded  ray.  In  the  exit 
at  O  the  ray  is  refraded  from  the  perpendicular 
KP,  and  thus  after  refradion  recedes  ftill  farther 
from  the  axis,  than  after  the  firffc  refradion. 


CHAP.  IV. 


Of  the  Inflection  of  the  Rays  of  Light» 

§.  184.  ¥  F  through  an  aperture  you  let  a  num- 
JL  ber  of  parallel  rays  DC  and  EO, 
fig.  4.  Plate  III.  fail  into  a  darkened  room,  and 
pafs  along  the  edge  C  of  a  body  ACB*,  their 

diredion 
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direction  will  be  fo  changed,  as  to  incline  to¬ 
wards  the  fide  A  C,  and  take  the  way  C  d  and 
Oe.  The  ray  DC,  paffing  neareft  along  the 
edge  C,  inclines  ftrongeft  towards  the  fide  AC 5 
on  the  contrary,  the  more  diflant  E  O,  weaker« 
This  change  of  the  diredtion  of  a  ray  of  light, 
raking  along  the  furface  of  a  body,  is  called  the 
inflexion.  The  jefuit  Grimaldi ,  who  firft  obferved 
it,  calls  it  the  Diffraftion .  Newton  has  more 
circumftantially  enquired  into  it,  and  defcribed 
the  difcoveries  he  made,  book  III.  of  his  OptickSc 
If  in  a  darkened  room  you  let  a  ray  of  the  fun 
pafs  along  between  the  edges  of  two  knives, 
which  Hand  as  clofe  together  as  pofiible;  it  fo 
divides  itfelf  at  the  edges  of  the  knives,  that  the 
parts  of  the  ray  received  on  a  white  paper,  ex¬ 
hibit  with  their  light  the  tail  of  a  comet.  The 
manner  of  trial  Gravefande  very  diftindtly  de- 
fcribes  in  his  Elementa  Phyfices ,  T.  II.  C.  5; 
From  this  it  is  clear,  that  alfo  thofe  particles  of 
the  ray,  which  are  not  in  immediate  contadl 
with  the  edges  are  infledled.  If  in  a  darkened 
room  you  let  a  ray  of  light  fall  on  a  thread  or 
wire,  which  fully  receives  or  intercepts  the  ray*, 
the  thread  or  wire  cafts  a  fhadow;  which  if  you 
intercept  with  a  white  paper  at  a  great  distance 
from  the  thread;  it  is  much  broader,  than  clofe 
behind  the  thread.  The  reafon  of  which  is, 
that  the  rays,  which  were  to  proceed  ftraight  on 

along 
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along  the  fides  of  the  thread,  by  the  inflection 
interfeCt  mutually  behind  it.  Which  in  particu¬ 
lar  appears  from  the  back  of  the  wire,  which 
,  fhould  be  quite  dark,  being  greatly  illuminated 
at  the  limits,  at  which  the  rays  fhould  rake 
along  ftraight  forwards. 

* 

§.  185.  From  this  it  is  evident,  that  the  rays 
of  light  have  a  greater  tendency  towards  the 
denfer  bodies,  glafs  and  water,  than  towards  the 
far  rarer  air :  And  thus  we  may  explain  the  re¬ 
fraction  in  glafs,  water  and  air  by  attraction, 
taken  in  a  mathematical  fenfe*  §.  58.  And  thus 
the  ray  of  light  NF,  fig.  1.  Plate  IV.  is  re- 
fraCted  in  the  ingrefs  into  glafs  out  of  air  to¬ 
wards  the  perpendicular  F  F ;  as  the  attraction 
of  the  glafs  plain  at  F  is  flronger,  than  the  at¬ 
traction  of  the  air :  And  the  refraCted  ray  F  K  is 
refraCted  in  the  egrefs  from  the  perpendicular 
KI;  as  in  like  manner  the  attraction  of  the 
nearer  glafs  plain  is  flronger  than  the  attraction 
of  the  air.  The  line  FK,  in  which  the  refraCted 
ray  moves,  is  therefore  a  diagonal:  And  the 
motion  therein  arifes  from  the  force  of  the  ray 
along  N  L,  and  from  the  force  of  the  attraction 
along  FF,  §,  13. 


V 
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CHAP.  V. 


Of  the  Phenomena,  arifing  by  Means  of  the 

different  Rays. 


E  fee  an  objedt  along  the  line, 
along  which  the  ray  of  light 


comes  from  it  to  the  eye;  as  for  inflance,  along 
the  line  I K 1 1 ,  fig.  1.  Plate  IV.  when  the  ray 
goes  out  of  K  into  the  eye  at  I ;  or  along  OKQ, 
when  proceeding  from  K  to  the  eye  at  O. 

§.  187.  And  hence  by  means  of  refradted 
rays,  bodies  appear  in  a  different  place,  from 
what  they  really  are  in.  If  the  ray  FK  comes 
to  the  eye  at  K,  fig.  1.  Plate  IV.  the  body  N 
appears  in  the  place  M.  If  the  ray  KO  falls 
into  the  eye,  the  body  N  appears  in  the  place  Qi 

§.  188.  If  the  light,  which  falls  from  an  ob¬ 
ject  on  a  plain  furface  under  an  oblique  angle, 
is  refracted  once  only  by  it;  by  the  refradted  ray 
the  objedt  appears  more  elevated  than  it  really  is, 
Suppofe  AB,  fig.  5.  Plate  III.  to  reprefent  the 
furface  of  a  denfer  medium  than  air.  From  the 
point  C  under  the  furface,  fuppofe  a  ray  C  A  to 
go  perpendicularly  towards  it,  and  the  other 
CF  obliquely.  AC  palfes  thro5  unrefradted: 


5 


Whereas 
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Whereas  C  F  is  refracted  at  F  from  the  perpen¬ 
dicular  towards  D,  §.  164.  If  therefore  the  eye 
is  in  D ;  the  point  C  appears  to  it  in  «4  and  con- 
-  fequently  higher.  And  hence  the  furface  on 
which  a  die  of  glafs  Hands,  appears  raifed  quite 
to  its  middle :  And  fifh  and  other  things  under 
water  appear  to  be  nearer  to  us  than  they  really 
are:  And  a  body  lying  on  the  bottom  of  an 
empty  glafs,  and  vifible  either  not  at  all,  or  in 
part  only,  fo  you  look  obliquely  over  the  rim 
into  the  glafs,  will  become  vifible  either  in  whole 
or  in  part,  on  pouring  water  into  the  glafs,  and 
the  eye  continuing  in  the  fame  pofition.  And 
hence  baron  Wolfius  in  his  Element  a  Dioptric 
§.86,  explains  the  hydromantick  machine,  by 
which  the  image  of  an  immoveable  objedt  may 
be  exhibited  to,  and  withdrawn  from  the  eyes  at 
pleafure,  tho’  they  remain  unchanged  in  pofi¬ 
tion.  A  flraight  flick,  put  partly  oblique  into 
water,  appears  broken  at  its  furface  when  looked 
upon;  as  all  the  parts  of  the  flick  under  water 
appear  higher  than  they  really  are.  If  you  view 
the  flick  through  the  fide  of  the  glafs,  in  which 
it  Hands ;  it  in  like  manner  appears  broken  at 
the  furface  of  the  water ;  as  the  parts  under  the 
water  appear  nearer  to  the  fide  of  the  glafs  than 
the  parts  above  the  water. 

Suppofe  the  eye  to  be  within  the  denfer  me¬ 
dium  at  D,  fig.  6.  Plate  III.  and  the  objedf 
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without  it  at  C.  As  the  ray  C  F  is  refradted  on 
the  furface  AB  at  F  towards  the  perpendicular, 
§.  164.  So  the  point  C  appears  by  the  ray  DF, 
which  is  carried  to  the  eye  to  be  in  c;  and  con- 

v 

fequently  farther  from  AB,  and  thus  higher 
than  it  really  is.  And  thus  objedts  in  the  air 
appear  more  remote  to  the  fifh  in  the  water*, 
and  to  us  the  ftars  more  elevated  above  the  ho¬ 
rizon  than  they  actually  are,  on  the  light  being 
obliquely  incident.  How  much  the  refradlion 
of  the  light  raifes  the  image  of  a  ftar  in  each 
degree  of  elevation,  reckoned  from  the  horizon, 
Be  la  Hire  has  fhewn  in  his  'Tabulae  Aßronomica , 
in  a  table  apart,  in  minutes  and  feconds,  and  to 
be  found  in  JVolfius’ s  Element  a  Aftronomia ,  Sedf, 
349.  If  a  ftar  is  feen  at  the  elevation  of  10 
degrees  you  muft  dedudl  5'  41".  But  if  obferved 
at  the  height  of  20  degrees,  you  are  to  dedudt 
<2!  51"  only.  If  (landing  at  the  horizon,  by  the 
refradlion  it  appears,  32'  above  it. 

The  denfer  the  medium,  into  which  a  ray  of 
light  is  incident  out  of  a  rarer,  the  greater  the 
refradlion.  The  Butch  in  1596  faw  in  Nova 
Zembla  the  image  of  the  fun  fixteen  days  fooner 
than  it  could  be  really  feen  at  the  horizon  in  a 
clear  fky,  as  being  ftill  four  degrees  deprefted 
under  the  horizon.  If  therefore  the  denfity  of 
the  air  encreafes  and  decreafes,  the  refradlion 
alfo  of  the  light  will  be  now  lefs,  again  greater; 

and 
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and  an  objedl  appears  through  it,  now  lower 
again  higher.  If  we  view,  for  inftance,  through 
a  fixt  tube  a  tower  at  a  diftance,  we  obferve 
from  morning  to  noon  always  a  higher  part; 
and  from  noon  to  evening  always  a  lower  part. 

§.  189.  If  a  ray  of  light  undergoes  a  double 
refraction,  when  going  from  a  point  N  out  of  a 
rarer  matter  into  a  denfer,  and  out  of  this  again 
to  a  rarer:  The  point,  by  the  refradted  ray  OK, 
fig.  1 .  Plate  IV.  appears  to  the  eye  in  Q,  and 
thus  lower  than  it  really  is. 

§.  190.  The  perpendicular  CD,  fig.  7.  Plate 
III.  which  may  be  drawn  from  a  radiant  point 
C  on  the  mirrour  AFB,  is  called  the  cathetus  of 
incidence, 

§.  19 1.  Each  objedt,  from  which  rays  fall  on 
a  plain  mirrour,  appears  behind  it  in  the  point, 
where  the  refledled  ray  unites  with  the  cathetus 
of  incidence,  fo  you  imagine  both  lines  to  be 
produced  through  the  glafs,  fig.  7.  Plate  III. 

Now  fuppofe  either  the  perpendicular  refledled 
<  ray  CD,  or  the  oblique  refledled  GF,  to  come 
from  the  luminous  point  C  to  the  eye ;  in  both 
cafes  C  appears  not  only  at  the  fame  diftance, 
but  alfo  in  the  fame  point  behind  the  mirrour. 

This  experience  teaches.  Now  this  conftant 
point  of  diftance  can  be  no  where  elfe  but  in  E, 
where  the  cathetus  of  incidence  CDE,  imagined 
to  be  produced  through  the  mirrour,  concurs- 
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with  the  refle&ed  ray  GFE.  For,  the  angle 

of  incidence  y  is  equal  to  the  angle  of  reflec- 

■  / 

tion  §.  150.  But  the  angle  0  is  alfo  equal 
to  the  vertical  angle  x.  And  therefore  y  =  0, 
And  confequently  FE  muft  concur  with  DE  in 
E,  as  F C  does  with  DC  in  C.  And  for  C 
therefore  to  appear  without  the  point  E-,  C 
could  not  be  feen  in  one  and  the  fame  point  and 
diftance,  on  viewing  one  time  along  the  line 
CD,  and  another  along  the  line  GF. 

§.  192.  If  you  therefore  fee  an  object  C,  fig. 
7.  Plate  III.  in  a  plain  mirrour,  it  appears  fo 
diftant  behind  the  mirrour  in  E,  as  itfelf  is 
really  diftant  from  the  mirrour.  For,  as  CDE 
is  the  produced  cathetus  of  incidence,  at  D  the 
angles  are  right,  and  confequently  equal.  The 
angle  y  is  equal  to  the  angle  0,  and  the  fide  D  F 
a  common  bafe  to  both  triangles,  and  therefore 
CD  =  DE. 

193.  Every  body  is  feen  under  a  certain 
angle.  For,  both  the  rays  AC  and  AD,  fig.  9. 
Plate.  III.  falling  from  both  the  extremities  of 
the  body  CD  through  the  middle  of  the  pupil 
pf  the  eye  A,  include  at  A  an  angle.  This  am 
gle  is  called  the  angle  of  vifion ,  and  is  the  mea¬ 
sure  of  the  apparent  magnitude  of  the  fide  CD 
Oppofed  to  it.  The  magnitude  which  anfwers 
to  'the  fide,  without  being  viewed  under  this 
angle,  is  called  its  real  magnitude. 
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§.  194.  The  greater  therefore  the  angle  of  vi- 
fion,  the  greater  the  objed  appears.  Whereas, 
the  fmaller  the  angle  of  vifion,  the  fmaller  ap¬ 
pears  the  objed.  As  for  inflance,  CD  is  equal 
to  EF.  But  as  EF  is  farther  diftant  from  A 
than  CD;  fo  EF  appears  under  a  lefs  angle 
E  AF  than  CD,  which  is  feen  under  the  greater 
angle  CAD.  And  hence  EF  appears  lefs  than 
CD. 

§.  195.  In  plain  mirrours  things  appear  be¬ 
hind  them  in  their  true  form  and  magnitude. 
Both  the  catheti  of  incidence,  AC  and  BD,  Eg. 
8.  Plate  IIL  drawn  from  the  objed  AB  to  the 
mirrour  FE,  as  being  perpendicular  lines,  retain 
therefore  conftantly  one  and  the  fame  diflance 
from  each  other,  produced  never  fo  far.  Now 
as  a  and  b  appear  fo  diftant  behind  the  glafs,  as 
A  and  B  are  diftant  from  it,  §.  192.  the  line  ab 
is  not  only  equal  to  the  line  AB,  but  ab  appears 
in  the  eye  G  under  as  great  an  angle,  as  is  that 
under  which  A  B  would  appear,  flood  the  eye  in 
g9  and  were  the  mirrour  removed. 

§.  196.  In  convex  fpherical  mirrours  the 
images  are  lefs  than  the  objeds  reprefented. 
The  catheti  of  incidence,  drawn  from  the  radi¬ 
ant  points  A  and  B,  fig.  10.  Plate  III.  to  a  con¬ 
vex  fpeculum  GET,  go  through  its  centre,  if 
produced;  and  thus  ever  approach  mutually 
nearer.  If  from  the  point  A  you  look  into  the 
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mirrour  in  the  cathetus  AC;  A  appears  as  dis¬ 
tant  behind  the  convex  fpeculum,  as  it  exhibits 
itfelf  to  the  eye,  when  viewed  in  the  refledted 
ray  F  Alfo  A  in  both  cafes  will  be  feen  be¬ 
hind  the  mirrour  at  one  and  the  fame  place. 
And  this  experience  teaches  of  the  point  B, 
when  viewed  by  the  eye  in  the  cathetus  BC  and 
the  refledted  ray  F  e.  And  therefore  every  point 
of  the  objedt  appears  behind  a  convex  fpeculum, 
juft  as  behind  a  plain  one  at  the  place,  where 
the  cathetus  of  incidence,  and  the  refledted  ray 
unite,  when  imagined  drawn  through  the  mir¬ 
rour,  §.191.  Now  as  both  the  catheti  of  inci¬ 
dence,  drawn  from  the  extremities  of  the  objedts 
A  and  B,  are  nearer  each  other  within  the  con¬ 
vex  fpeculum  than  without  it*  fo  the  line  ab, 
imaged  within  the  mirrour,  is  lefs  than  the  real 
line  AB.  So  that  the  image  in  the  fpeculum 
muft  appear  under  a  lefs  angle,  than  the  objedt 
without  it,  on  viewing  image  and  objedt  at  equal 
diftances.  Convex  mirrours  therefore  exhibit  the 
objedts  lefs  than  they  really  are. 

§.  197.  If  the  convex  fpeculum  is  cylindrical, 
and  ftands  upright;  every  objedt  appears  in  it 
very  long,  but  extremely  {lender.  For,  length- 
wife  pure  ftraight  lines  may  be  drawn  on  its  fur- 
face.  And  thus  lengthwife  it  exhibits  a  plain 
mirrour.  Lengthwife  therefore  objedts  appear- 
in  their  true  magnitude.  But  as  the  mirrour 

breadth? 
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breadthwife  is  convex,  it  exhibits  the  objedts  lefs 
than  they  are.  An  image,  which  has  the  length 
of  the  thing  reprefented,  but  a  lefs  breadth,  ne» 
cefiarily  (hews  long  and  flender,  when  compared 
with  the  objedt.  If  the  cylindrical  mirrour  is 
held  horizontal,  the  objedts  appear  broad  there» 
in,  but  extremely  Jhort.  If  the  convex  fpecu- 
lum  is  conical,  and  (lands  upright,  the  objedh 
fhew  long  and  (lender  therein,  and  tapering 
above,  and  below  much  broader.  For,  length» 
wife  a  right  line  may  be  drawn  on  it,  reprefent- 
ing  a  plain  fpeculum.  And  thus  the  objedb  ap« 
pears  in  its  length;  breadthwife  are  circular  pe¬ 
ripheries,  decreafing  always  from  the  bafe  to  the 
vertex.  So  that  the  image,  which  already  is 
flender  at  the  bafe,  mu  ft  ever  turn  flenderer,  the 
nearer  it  comes  to  the  vertex.  If  a  conical  fpe« 
culum  is  parallel  with  the  horizontal  line,  or  is 
inclined  towards  it;  the  objedls  appear  broad 
and  very  (hort,  and  on  one  fide  lefs  than  on  the 
other.  There  are  given  anamorphofes  or  de¬ 
formed  images,  which  are  again  redlified  in  cy¬ 
lindrical  and  conical  mirrours.  The  cylindrical 
you  fet  on  the  deformed  image;  but  the  conical 
in  fuch  a  manner,  that  the  image  encompafles 
its  «rim.  In  order  to  view  the  image  in  the  coni¬ 
cal,  you  hold  the  eye  over  its  vertex.  LeupoWs 
anamorphotick  machine,  by  which  deformed 
images  are  made,  is  defcribed  in  the  Afta  Erudi- 
5  tor, 
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tor .  for  the  year  1712,  p.  367.  The  feveral 
ways  of  delineating  deformed  images,  Schottue 
defcribes  in  his  Magia  Univerfalisx  in  the  3d  book 
of  the  Opticks,  intitled  Magia  Anamorphotica. 

M.  Leutman  in  1729,  exhibited  at  Peterßuvg 
on  a  metal  plate  by  means  of  a  polyedron,  the 
image  of  the  emperor  Peter  II.  Vvdthout  the 
polyedron  there  appeared  to  the  naked  eye  in 
the  middle  of  the  plate  the  two-headed  eagle 
crowned,  which  held  in  the  one  claw  the  fceptre, 
and  in  the  other  the  monde.  In  the  middle  on 
the  lower  part  of  the  plate  was  feen  a  veflel  with 
ornaments.  Out  of  the  veffei  went  a  bay-tree, 
whofe  branches  fpread  round  the  eagle.  At  the 
branches  hung  fruit,  which  formed  the  proper 
parts  of  the  image.  Round  the  bay-tree  were  to 
be  feen  the  arms  of  Aflracany  Cafan ,  Siberia ,  and 
other  kingdoms  fubjed  to  Rujjia .  Under  the 
veflel  flood  written  on  a  flying  or  waving  label  \ 
Vivat  Petrus  II.  Imperator.  On  looking 
through  the  polyedron  on  this  plate,  there  ap¬ 
peared  the  image  of  the  emperor  Peter  II.  on  a 
white  plate.  From  the  fhoulder  hung  down  the 
ribbon  of  the  order  of  St.  Andrew .  The  head 
was  braided  round  with  bay-berries.  To  the 
right  flood  a  table,  on  which  the  crown  and 
fceptre  lay.  The  other  images,  the  bay-tree, 
the  veflel,  the  arms,  and  the  eagle  were  not  to 
be  feen  at  all.  How  AL  Leutman  ordered  this 
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anamorphotick  reprefentation,  he  himfelf  de~ 
fcribes  in  the  Comment .  Petropolit.  T,  IV.  p.  2o85 

fm- 

§.  198.  The  fmaller  the  image  of  a  thing  in  a 
convex  mirrour,  the  bigger  is  it  behind  a  con« 
cave  mirrour,  when  the  thing  or  objedl  lies  be¬ 
tween  its  furface  and  focus.  Suppofe  the  line 
ab^  fig.  10.  Plate  III.  which  was  an  image  of 
A  B,  to  be  viewed  in  a  concave  fpeculum  G  H 
by  the  eye  in  the  centre  C;  you  fee  a  and  b  by 
the  rays  haC  and/£C,  as  along  catheti  of  inci¬ 
dence,  refledled  from  the  concave  furface,  and 
confequently  behind  the  mirrour.  But  thefe 
catheti  run  on  in  fuch  a  manner,  that  their  in¬ 
termediate  fpace  becomes  always  larger.  And 
thus  the  image  AB  muff  appear  far  larger  be¬ 
hind  the  glafs,  than  the  objedl  ab  {landing  be¬ 
fore  it. 

§.  199.  If  a  burning  body  {lands  in  the  focus 
of  a  concave  fpeculum,  the  rays  reflected  from 
its  furface  run  on  parallel.  For,  the  ray  FG, 
fig.  1.  Plate  III.  going  from  the  focus  to  the 
furface,  falls  on  the  point  G,  from  which  the 
incident  ray  KG  comes  to  the  focus.  So  that 
FG  mull  be  refledted  from  the  point  G  along 
the  fame  line,  in  which  KG  falls  dillant  on  the 
fpeculum,  and  thus  in  its  refledtion  run  parallel 
with  the  axis,  and  with  the  ray  reflected  along 
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§.  200.  So  that  a  burning  mirrour  throws  the 
light  of  a  burning  body,  ftanding  in  its  focus, 
through  a  great  diftance,  and  can  illuminate  a 
far  diftant  objedt.  If  thefe  refle&ed  rays  fall  in 
a  certain  diftance  on  a  greater  burning  mirrour^ 
they  are  reflected  from  its  furface  into  a  point, 
in  which  they  have  a  burning  force. 

§.  201.  If  an  objedt  is  farther  diftant  from  the 
furface  of  a  concave  fpeculum  than  its  centre  y 
an  eye,  which  in  like  is  at  a  greater  diftance 
than  the  centre,  fees  the  image  of  the  objedt  ho¬ 
vering  reverfed  between  the  centre  and  the  fur¬ 
face  of  the  fpeculum.  For,  the  incident  ray 
ED,  fig.  ii.  Plate  III.  is  refledted  to  Fj  and 
drawing  from  E  through  the  centre  C  the  ca¬ 
thetus  EHj  in  H  is  the  point,  in  which  the 
point  E  appears.  The  incident  ray  FD  is  re- 
fiedted  to  E  ^  and  drawing  from  F  through  the 
centre  the  cathetus  of  incidence  F  G  G  is  the 
point,  in  which  the  point  F  appears.  And  thus 
GH  is  the  reverfed  image  of  EF,  and  appears 
hovering  between  the  furface  and  centre  of  the 
fpeculum  in  the  free  air. 

§.  202.  If  the  rays  of  light,  falling  from  an 
objedt  through  a  tranfparent  medium,  are  fo  re- 
iradted  through  it,  that  the  angle,  which  they 
form  in  the  eye,  is  greater  than  the  angle,  under 
which  the  unrefradted  rays  unite  in  the  eye-,  the 
objedl  appears  bigger  through  the  refradling 
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matter  or  medium,  than  without  it,  fo  the  objedt 
in  both  cafes  has  the  fame  diftance  from  the  eye, 
§•  194» 

Now  this  may  happen,  fall  the  rays  of  light 
either  through  a  plain  or  a  convex  furface.  By 
the  plain  furface  the  image  of  the  objedt  is  en¬ 
larged,  when  the  eye  is  in  a  rarer  matter  than 
the  objedt  to  be  viewed.  Suppofe  as  well  the 
object  AB,  fig.  12.  Plate  III.  as  alfo  the  eye  at 
G  to  be  in  free  air.  So  that  the  objedt  AB  will 
appear  under  tne  angle  AGB,  where  the  rays 
A  G  and  B  G  fall  into  the  eye.  But  if  the  objedt 
AB  lies  in  water,  or  in  other  fluid,  tranfparent 
or  denfer  media  than  the  air,  in  which  the  eye 
is  y  the  objedt  appears  under  the  greater  angle 
AGG  For  the  oblique  ray  BE  is  refradted  in 
the  exit  at  E  from  the  perpendicular  EF,  §.  164. 
And  therefore  the  eye  fees  the  extremity  B  along 
the  line  GEC,  §.  186.  and  confequently  the 
objedt  under  the  angle  AGC. 

And  fo  the  fun  has  an  elliptical  form,  when 
juft  going  under  the  horizon.  The  horizontal 
refradtions,  which  are  the  greateft  of  all,  then 
raife  his  under  limb  much  higher  than  the  up¬ 
per,  and  make  the  perpendicular  diameter,  com¬ 
pared  with  the  horizontal,  which  is  not  thus  af¬ 
fected,  the  fm aller.  And  hence  arifes  the  ellip¬ 
tical  figure.  But  it  is  fomewhat  exceeding  rare, 
thus  to  fee  the  fun’s  difk  a  few  degrees  above 

the 


254 


Of  FLUID  BODIES. 

the  horizon.  Which  arifes  hence,  that  the  re¬ 
fractions  a  little  above  the  horizon  decreafe  very 
quick  up  to  the  zenith.  Yet  M.  Mairan  on 
June  28,  1733,  obferved  the  fun  at  the  height 
of  about  10  degrees  very  diftinCfcly  of  an  elliptick 
form,  as  he  relates  this  obfervation  in  the  me1- 
moires  for  the  year  1733.  And  thus  there  was 
then  in  the  atmofphere,  at  an  elevation  of  10 
degrees,  a  refracting  matter  of  an  intenfenefs 
and  quantity  unufual,  near  the  horizon. 

The  tranfparent  matters,  with  convex  fur- 
faces,  are  in  regard  to  their  fpecies,  either  fluid 
as  watery  or  folid,  asglafs;  And  in  regard  to 
their  figure,  either  fpherical  or  lenticular.  How 
and  wherefore  objects  appear  bigger  through 
thefe  matters,  than  when  feen  without  them  at 
an  equal  difcance,  we  may  explain  as  follows. 
If  the  eye  in  F,  fig.  13.  Plate  III.  fees  the  objeCt 
MB  without  an  interpofing  glafs;  MB  appears 
under  the  angle  MFB.  But  if  a  convex  glafs 
interpofes  between  the  object  MB  and  the  eye 
In  fuch  a  manner,  as  that  its  focus  is  in  F,  and 
confequently  falls  into  the  eye;  MB  appears 
under  the  angle  MFC,  and  therefore  bigger. 
At  the  fame  time  it  appears,  that  the  objeCt  MB 
-through  the  convex  glafs  exhibits  itfelf  in  the 
fame  pofition,  in  which  it  is  feen  without  it. 
As  the  angle  MFB  is  equal  to  the  angle  LFE* 
and  the  angle  M  F  C  tQ  the  angle  L  F  N,  fo  the 
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apparent  amplification  of  the  object  is  always 
the  fame,  be  the  objed  MB  much  or  little  dis¬ 
tant  from  the  glafs,  fo  only  the  distance  itfelf  is 
no  hindrance  to  the  vifibility.  Büt  MB,  as 
the  diameter  of  the  real  magnitude  is  to  MC, 
the  diameter  of  the  apparent,  or  the  magni¬ 
tude  appearing  through  the  glafs,  as  LF  the 
diflance  of  the  eye,  or  focus  frorti  the  glafs,  to 
F  M  the  diflance  of  the  eye,  or  focus  from  the 
objed.  For  as  the  curvity  LN  differs  inconfi- 
derably  from  a  right  line,  fo  LN  is  parallel  to 
MB.  But  both  thefe  lines  are  alfo  mutually 
equal.  By  the  dodrine  of  triangles,  in  which 
a  line  is  drawn  parallel  to  the  bafe,  L  N,  and 
confequently  M  B,  is  to  M  C,  as  F  L  to  F  M. 

If  you  ufe  glafs  lenies,  or  giais  fpherules  for 
viewing  a  fmall  and  near  objed;  fuch  lenies  and 
fpherules  are  called  magnifying  glajfies.  If  a  mag¬ 
nifying  glafs  confifls  of  a  fingle  lens,  or  a  fingle 
fpherule;  it  is  called  fingle ,  The  objeds  to  be 
viewed  are  put  either  in  the  focus,  when  the 
viewing  eye  is  found,  and  confequently  capable 
of  feeing  diflindly  as  well  far  off  as  near  at 
hand;  or  between  the  focus  and  the  lens,  if  the 
eye  diflinguifhes  near  objeds  diflindly.  The 
eye  at  G,  fig.  14.  Plate  III.  is  by  far  nearer  the 
lens,  than  the  objed  AB.  If  the  objed  lies  in 
the  focus;  a  found  eye  fees  it  not  only  under  a 
greater  image,  but  alfo  in  full  diftindnefs.  But 


Of  FLUID  BODIES« 

if  you  remove  the  lens,  the  objed  appears  un~ 
diftind  to  the  eye,  fo  eye  and  objed  continue 
fixed  in  the  former  pofition.  But  if  you  remove 
the  objed  eight  inches  diftant  from  the  eye,  it 
again  appears  thereto  as  diftindly,  as  when  laid 
in  the  focus,  and  the  lens  were  between  it  and 
the  eye.  The  diameter  of  the  objed  lying  in 
the  focus  you  may  call  A  B,  and  the  diameter 
of  the  magnified  image  IK,  the  diftance  of  the 
focus  FC,  and  that  of  the  image  FH.  As  the 
diameter  A  B  is  parallel  to  the  diameter  IK;  fo 
by  the  dodrine  of  triangles,  in  which  a  line  is 
drawn  parallel  to  the  bafe,  AB  is  to  IK,  as  FC 
to  FH,  As  the  diameter  IK  of  the  image  ap¬ 
pears  as  diftind,  as  the  objed:,  when  viewed  by 
the  eye  without  the  lens  at  a  diftance  of  eight 
inches ;  fo  the  diftance  F  H,  at  which  the  objed: 
is  feen,  is  to  be  deemed  equal  to  eight  inches. 
As  many  times  therefore  as  the  diftance  F  C  of 
the  focus  is  contained  in  FH  the  diftance  of 
eight  inches,  fo  many  times  is  the  diameter  AB 
of  the  objed:  contained  in  the  diameter  IK  of 
the  image.  And  thus  if  the  focus  falls  an  inch 
diftant  from  the  lens,  the  diameter  of  the  ob¬ 
jed:  appears  through  the  lens  eight  times  big¬ 
ger  than  without  the  lens.  If  therefore  the  dif¬ 
tance  of  the  focus  were  —  inch,  the  diameter  of 
the  objed  would  appear  80  times  greater. 
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If  the  rays  KF  and  NF,  fig.  13.  Plate  IIL 
which  are  concentred  from  the  object  OC  by 
the  lens  KLN  into  the  focus  F,  proceed  farther 
from  it,  and  fall  on  a  white  wall  in  a  darkened 
room ;  they  exhibit  the  objeft  inverted  thereon. 
If  the  objedt,  flanding  or  lying  in  the  focus,  is 
by  means  of  a  convex  glafs  enlightened  by  the 
rays  of  the  fun;  its  image  may  be  viewed  difi* 
tindt  and  magnified  on  the  wall.  Its  diameter 
to  that  of  the  objedt  in  the  focus,  is  as  the  dis¬ 
tance  of  the  wall  from  the  magnifying  lens  to 
the  diflance  of  its  focus.  Thefe  forts  of  magni- 
fying-glafles  are  called  folar  microfcopes. 

If  the  image  CO,  fig.  13.  Plate  111.  comes 
into  the  focus  of  another  lens ;  it  appears  in 
the  eye  inverted  behind  it,  and  bigger  than  the 
image,  formed  in  the  eye,  on  viewing  the  objebt: 
by  a  fingle  lens.  The  lens,  which  immediately 
receives  the  rays  from  the  object,  is  called  the 
obj  eff -glafs-,  and  the  lens,  through  which  the  eye 
fees,  the  eye-glafs ,  or  eye-lens.  From  a  combi¬ 
nation  of  lenfes,  in  which  the  image  behind  the 
focus  of  the  one  comes  into  the  focus  of  the 
other,  arife  compound  magnifying-glafles,  in 
as  far  as  near  objects  may  be  viewed  thereby. 
How  fiich  magnifying  glaffes  are  to  be  executed 
and  ufed,  baron  W elfins  gives  particular  direc¬ 
tions  in  his  Element.  Dioptr.  §.  439.  feqq.  and 
Mr.  Hertel  in  his  Jnftruftions  for  grinding  glaffes , 
Vol,  I.  S  p. 
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p.  136.  feqq.  Then  p.  150.  feqq.  Mr.  Hertel 
fhews,  by  means  of  a  micrometer  how  to  mea- 
fure  the  diameter,  magnified  by  the  microfcope; 
or  to  difcover,  how  much  the  diameter  is  ampli¬ 
fied  by  the  magnifying-glafs. 

In  like  manner,  from  the  combination  of  ob- 
jedt  and  eye-lenfes,  telefcopes  arife,  whereby  ob¬ 
jects,  undiftinguilhable  on  account  of  their  dif- 
tance,  become  diftinguifhable  to  the  eye,  and 
appear  to  be  brought  nigh  j  fuch  a  telefcope  is 
called  afironomical?  when  put  together  of  one 
convex  objedl  glafs,  and  one  convex  eye-glafs 
only.  It  exhibits  the  objedf  inverted.  For,  the 
object-glafs  CB,  fig.  y.  Plate  IV.  is  fo  covered, 
that  the  perpendicular  incident  ray  MB  goes 
through  its  middle;  whereas  the  ray  rA,  which 
comes  from  the  one  extremity  of  the  object,  in- 
terfecis  the  ray  b  A  at  A  in  the  focus,  and  falls 
on  the  lens  CB  at  C  under  an  oblique  angle. 
By  the  refraction,  therefore,  it  is  behind,  the 
glafs  parallel  with  BKFI,  and  in  the  eye-glafs 
at  E  fo  refracted,  as  at  G  to  come  into  its  focus. 
And  thus  the  eye  in  G  fees  the  extremity  r, 
which  without  glades  appears  to  it  to  the  right, 
along  the  line  GE,  §.  186.  and  conlequently 
to  the  left,  and  therefore  the  objedt  inverted. 
Hereby  the  image  of  the  diftant  objedt  is  fo 
magnified,  that  the  femidiameter  of  the  objedt, 
ieen  with  the  naked  eye,  is  to  the  femidiameter 
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feen  through  the  telefcope,  as  the  focal  diftance 
I F  of  the  eye-glafs,  to  the  focal  diftance  A  B  of 
the  objeCLglafs.  The  demonftration  of  this 
baron  tVolfius  gives  in  his  Element  a,  Dioptr,  §. 
358. 

Inftead  of  objeCt-glaftes  Dr.  James  Gregory 3 
and  Sir  If,  Newton ,  have  taught  to  ufe  metalline 
concave  fpecula.  Such  telefcopes  are  far  fhorter 
than  the  others,  and  magnify  quite  as  well.  In 
the  Gregorian  telefcope  the  eye-glafs  is  inferted 
lengthwife  at  one  end  of  the  tube,  but  in  the 
Newtonian  at  the  fide  thereof. 

In  order  to  have  the  objeCt,  to  be  viewed  by  a 
telefcope,  which  is  put  together  of  convex  lenfes 
only,  to  appear  in  that  fituation,  in  which  it 
would  appear  to  the  naked  eye;  four  convex 
lenfes  are  fo  combined  together,  that  the  ray 
tfQA,  hg-  S.  Plate  IV.  incident  from  the  one 
end  of  the  objeCt  and  crofting  the  axis  hi  in  the 
focus  Q,  falls  on  the  lens  AB  under  an  oblique 
angle;  and  after  refraction  runs  parallel  with 
the  axis  IL  behind  the  lens  AB  on  the  other 
CL;  by  the  refraCtion  it  is  brought  on  the  third 
EF  at  F  under  an  oblique  angle;  from  which 
in  a  parallel  direction  with  the  axis  N  O,  it 
comes  on  the  fourth  GH;  and  from  this  at 
length  it  is  refraCted  into  the  focus  P.  For 
thus,  the  extremity  a  is  feen  to  the  right  along 
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the  line  PH,  and  confequently  alfo  feen  through 
the  telefcope  to  the  right.  Such  telefcopes  are 
called  terreßrialy  as  being  fitter  to  view  diftant 
objects  on  the  earth  with,  than  the  aftronomicah 

§.  203.  If  an  objedt  appears  by  refradted  rays 
under  a  lefs  angle,  than  without,  it  appears 
fmaller  through  the  refracting  matter  or  medi¬ 
um,  than  if  viewed  at  a  like  diftance  with  th# 
naked  eye,  §.  194. 

The  furfaces,  through  which  objects  appear 
fmaller  to  the  eye,  are  only  of  two  forts,  plain 
and  concave.  The  plain  diminifh  the  image,  if 
the  rays  from  the  object  are  refracted  out  of  a 
rarer  into  a  denfer  medium,  and  therein  come 
into  the  eye.  Suppofe  the  object  AB,  fig.  9. 
Plate  IV.  to  be  in  air,  and  the  eye  at  F  in  water. 
Were  the  eye  in  like  manner  in  air,  it  would  fee 
AB  under  the  angle  AFB.  But  being  in  wa¬ 
ter,  the  ray  EG  at  the  ingrefs  into  the  denfer 
medium  is  refracted  towards  the  perpendicular, 
§.  164.  and  therefore  paffes  by  the  eye.  But  if 
the  ray  BD  is  in  like  manner  refracted  at  D  to¬ 
wards  the  perpendicular,  it  comes  into  the  eye 
at  F.  So  that  it  fees  the  extremity  B  along  the 
ray  FDC,  and  confequently  the  objedt  under 
the  fmaller  angle  AFC. 

How  an  objedt  appears  fmaller  through  a 

concave  glafs,  may  he  underflood  by  fig.  5. 

Plate 
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‘  Plate  IV.  Suppofe  the  eye  to  be  in  nt  If  it 
views  the  objed  AF  without  an  interpofing 
concave  glafs,  the  diameter  appears  under  the 
angle  A  nF.  But  if  the  concave  glafs  be  con¬ 
veyed  between  the  eye  and  objed;  the  ray  Fn 
is  refraded  from  the  eye,  §.  164.  Whereas  the 
ray  FH  by  the  refradion  comes  into  the  eye 
at  n.  Now  the  diameter  of  the  objed  is  feen 
along  the  axis  and  the  line  »GO,  and  confe- 
quently  under  the  fm aller  angle  AnO. 

A  telefcope,  which  is  put  together  of  ä  convex 
objed  lens,  and  a  concave  eye-lens,  is  called  a 
Dutch  or  Galilean  tube.  The  reafon  of  the  fir  ft 
appellation  is,  that  it  was  firft  known  and  con- 
ftruded  in  Holland :  But  of  the  ftcond,  that  Ga¬ 
lileo  was  the  firft  who  defcribed  the  obfervations 
he  made  therewith.  Objeds  appear  through  it 
in  the  very  fame  pofition,  in  which  they  appear 
to  the  naked  eye.  For,  though  the  ray,  pro¬ 
ceeding  from  the  extremity  of  the  objed  to  the 
right,  falls  on  the  convex  lens  to  the  left,  and 
after  refradion  runs  parallel  with  the  axis;  yet 
in  the  concave  lens  it  is  fo  refraded  from  the 
axis,  that  the  image  of  the  extremity  to  the 
right  is  feen  along  a  line,  which  runs  to  the 
right.  And  though  the  concave  lens  diminifttes 
the  image  of  the  objed;  yet  on  account  of  the 
combination  with  the  convex  objed-lens  it  is 
magnified.  But  the  diameter,  which  appears  in 
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the  eye  without  fuch  a  telefcope,  is  to  the  diame¬ 
ter,  which  is  imaged  in  the  eye  with  it,  as  the 
diftance  of  the  imaginary  or  virtual  focus  of  the 
concave  lens,  to  the  diftance  of  the  real  focus  of 
the  convex  lens.  A  diftind  demonftration  of 
this  you  find  in  baron  JVolfius*  s  Element  a  Bioptr . 

§*  34°* 

204.  If  a  ground  glafs  confifts  of  feveral 
plain  furfaces,  which  are  fo  united,  that  the 
glafs  has  feveral  angles,  it  is  called  a  polyedron> 
or  multiplying  glafs.  So  many  angles  as  it  has, 
fo  often  an  objed,  viewed  therein,  appears. 
Suppofe  there  are  three  fides,  GA,  AB,  BF, 
fig.  10.  Plate  IV.  and  in  C  a  ftar.  From  the 
ftar  rays  fall  on  each  fide,  which  are  refraded 
by  each  fide  towards  the  eye  O,  So  that  it  fees 
the  ftar  along  the  lines  OHC,  OKC  and  OIC, 
§.  186.  and  confequently  three  times.  As  the 
fides  or  furfaces  are  plain,  and  the  rays  fall  out 
of  air  into  glafs,  and  again  out  of  glafs  into  air; 
fo  the  objed  appears  neither  bigger  nor  fmaller 
than  it  is  feen  with  the  naked  eye  at  a  like  dif¬ 
tance.  But  if  a  glafs,  plain  on  both  fides,  has 
fmall  grooves  or  pits  on  one  furface;  it  is  called 
a  poly optron ,  and  reprefents,  indeed,  an  objed  in 
like  manner  multiplied,  but  on  account  of  the 
concave  lenfes,  fmaller  than  it  appears  to  the 
naked  eye. 
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§.  205.  The  combinations  made  of  mirrours 
and  lenfes  are  called  catadioptrick  machines. 
To  which  clafs  belong  the  Gregorian  and  New¬ 
tonian  telefcopes,  the  Newtonian  reflecting  mag- 
nifying  glafs,  the  polemofcopium,  the  hydro- 
mantick  veflel,  the  magick  lantern,  and  the  he- 
liofcopium.  The  preparation  of  thefe  inftrc- 
ments  baron  Wolfius  diredls  in  his  Memento,  Di¬ 
optrics  ,  c.  8. 


CHAP.  VI. 

Of  the  Nature  of  Light. 


§.  2c6.  IN  fo  far  as  light  is  confidered  as  a 
JL  fpecies  of  matter,  §.  144.  it  mull 
either  flow  from  the  fun  and  other  luminous 
bodies;  or  conftantly  exifl:  in  the  fpace  between 
the  fun  and  the  ftars. 

§.  207.  Newton  holds  it  for  an  efflux  of  a 
matter  from  the  fun  and  other  luminous  bodies. 
But  this  opinion,  for  the  following  reafons,  is 
unmaintainable.  The  a6lion  of  light  from  the 
fun  to  the  earth  is  compleated  in  a  fpace  of 
feven  or  eight  minutes.  For,  the  fun  S,  flg.  i. 
Plate  V.  being  between  the  earth  T  and  Jupiter 
I;  the  light  comes  from  the  firft  fatellite  of  Ju- 
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piter  after  its  emerfion  out  of  his  fhadow,  almoft 
15  minutes  later  to  the  earth,  than  when  the 
earth  T  is  between  the  fun  S  and  Jupiter  I.  In 
the  firft  cafe,  the  earth  is  by  the  whole  diameter 
of  its  orbit  more  diftant  from  jupiter;  and  in 
the  fecond,  by  that  whole  diameter  nearer 
thereto.  And  thus  if  light  Hnifhes  its  adlion  in 
15  minutes  through  a  way,  which  is  equal  to 
the  entire  diameter  of  the  earth’s  orbit  *  we  mu  it 
allow  for  the  time  of  this  aftion,  through  the 
fpace  from  the  fun  to  the  earth,  the  femidia- 
meter  of  the  earth’s  orbit,  between  feven  or 
eight  minutes.  But  the  diftance  of  the  earth 
from  the.  fun  amounts  to  22000  femidiameters 
of  the  earth.  As  difficult  as  it  is  to  conceive 
that  a  real  matter  fhould  ftream  through  fo  dif¬ 
tant  a  fpace  in  fo  fhort  a  time;  juft  fo  difficult 
is  it  to  comprehend,  how  the  rays  of  light, 
which  are  deemed  to  be  adtual  matter  in  mo¬ 
tion,  fhould  not  obftrudt,  reftrain  and  intangle 
each  other  in  their  motion;  when  in  fo  great  a 
degree  of  velocity  a  hey  either  run  againft,  or 
crofs  each  other  in  a  narrow  aperture,  §.  147. 
Did  the  rays  of  light,  as  an  adtual  matter,  move 
fo  quick ;  tranfparent  bodies  could  have  no  co¬ 
ke  11  on  in  their  parts,  and  confequently  not  con- 
iift.  For  inftance,  a  glafs  is  tranfparent  in  all 
its  Tides,  parts  and  points.  If  therefore,  the 
tranfparency  oi  bodies  arofe  hence,  viz.  that 
4  the 
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the  matter  of  light  flowed  in  right  lines  through 
every  point;  there  could  not  be  the  fmalleft 
particle  in  the  whole  glafs,  through  which  there 
would  not  be  a  rectilinear  way  open  to  the 
others.  And  then  how  fliould  thefe  parts  in 
any  manner  touch  each  other,  or  hang  together? 

§.  208.  With  thefe  reflections  profeflor  Euler 
in  his  Nova  "Theoria  lucis  &  color  urn,  combats 
Newton* $  notion;  and  on  the  contrary,  explains 
the  nature  of  light  by  a  motion,  propagated 
through  a  fubtle  matter,  which  fills  up  the  mun¬ 
dane  Ipace  between  the  ftars,  and  is  otherwife 
called  <ether.  When  in  the  definition,  §.  144. 
I  called  light  a  matter,  I  at  the  fame  time  hint¬ 
ed,  that  fometimes  motion  was  thereby  under- 
ilood:  And  hence  it  is  evident,  that  in  the 
main  I  depart  not  from  profefifor  Euler.  And 
if  thus  I  now  fpeak  of  the  nature  of  light,  the 
enquiry  regards  the  fubtle  matter,  which  pro- 
feflor  Euler  fays,  light  is  propagated  by.  New¬ 
ton  wanted  to  exclude  all  matter,  how  fubtle 
foever,  from  the  mundane  fpace.  The  reafon 
was,  his  apprehending,  the  planets  and  comets 
might  be  retarded  in  their  motion  by  fuch  a 
matter.  But  what  Newton  apprehended  from 
the  mundane  fpace  being  full,  or  a  plenum, 
he  could  not  avoid  by  his  own  opinion  about 
light.  For,  if  light  be  a  matter  flowing  from 
the  fun  and  fixed  flars;  the  mundane  fpace  mull 
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needs  be  filled  therewith,  and  confequently  the 
motion  of  the  planets  gradually  weakened.  The 
Newtonians ,  indeed,  give  out  the  refinance, 
which  the  planets  meet  with  in  the  ftreaming 
rays  of  light,  for  fo  inconfiderable,  that  the  ef¬ 
fect  thereof  would  become  obfervable  only  in  a 
long  tradt  of  time.  But  by  this  very  limitation 
they  give  to  underftand,  they  no  longer  combat 
the  oppofite  opinion:  For,  fo  fine  or  fubtle  fo- 
ever  their  ftreaming  rays  are,  fo  fubtle  alfo  is 
the  sether,  or  the  pure  celeftial  air. 

§,  209.  Defcartes  in  his  Principia  Philof ophite, 
P.  III.  §.  55.  63,  64.  filled  the  mundane  fpace 
with  the  perfectly  hard  globules  of  his  fecond 
element,  in  which  one  globule  is  ever  in  the 
clofeft  contadf  with  another;  and  he  afcribes  to 
them  the  force  and  adtion  of  light  thus,  that 
thofe,  lying  at  the  fun  and  fixed  ftars,  are  pro¬ 
pelled  from  thefe  laft ;  and  that  the  motions  im- 
prefied  on  the  firft  globules  are  propagated  by 
the  others  in  right  lines  to  the  greateft  diftances. 
Had  Defcartes  known,  that  it  takes  feven  or  eight 
minutes,  ere  the  pulfe  or  pufh  of  the  fun  on  the 
olobules,  contiguous  thereto,  could  be  carried 
through  a  whole  row  quite  to  the  earth,  he 
would  have  devifed  certain  void  iriterftices  be¬ 
tween  his  globules.  For  in  this  manner,  a  glo¬ 
bule  would  have  always  required  a  fpace  of 

time,  in  order  to  come  through  fuch  an  inter- 
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ftice  to  the  other.  But  notwithftanding  this, 
we  could  not  explain  from  devifing  thefe  glo¬ 
bules,  how  it  were  pofiible,  for  the  motion  of 
light  to  diffufe  itfelf  equally  ftrong  every  way 
in  right  lines.  For,  the  globules  muft  have 
had  a  pofition,  that  the  right  lines,  in  which  the 
motion  was  to  be  propagated,  fhould  pafs  thro’ 
the  centres  of  the  globules.  But  this  is  not  pof- 
fible. 

§.  210.  We  fee  ourfelves  therefore  neceffitated 
with  profeflbr  Euler  to  hold  light,  or  the  matter 
of  light,  when  taken  for  a  fpecies  of  motion,  for 
a  fluid  and  elaftick  matter,  diffufed  through  the 
whole  mundane  fpace.  .  In  Newton's  Principia , 
1.  2.  propof.  42.  we  have  an  objection,  which 
deferves  to  be  examined.  If  a  found,  fays  he, 
forces  through  a  window  into  a  room,  it  may  be 
heard  in  every  corner  thereof.  It  fhould  thus 
appear,  it  was  propagated  every  way  from  the 
place  of  the  window,  where  it  comes  in  at,  by 
the  air,  as  an  elaftick  matter.  On  the  contrary, 
a  ray  of  light,  admitted  through  a  narrow  hole 
into  a  dark  room,  takes  one  fingle  way  only, 
producing  light  in  one  fingle  right  line.  But  it 
is  a  miftake,  that  found  diffufes  itfelf  every  way, 
after  having  forced  through  a  fingle  opening  into 
the  room.  So  foon  as  it  is  excited  before  the 
window,  it  forces  not  only  through  the  opening 
made,  but  alfo  through  every  other  part  of  the 
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wall,  which  admits  it  through  juft  as  well,  as 
the  parts  of  a  glafs,  through  which  light  a£ts. 

§.  2i i.  How  light,  or  aether,  is  put  into  mo¬ 
tion,  may  be  explained  as  follows  according  to 
Eulen  Take  a  body  EAF,  fig.  2.  Plate  V. 
which  vibrates  in  the  manner  of  a  firing,  and 
faftened  at  E  and  F,  ftretch  it  to  A.  From 
A  to  O  fuppofe  an  elaftick  matter  to  lie  in  a 
right  line,  in  which  all  the  parts  are  in  equili- 
brio,  none  being  either  denfer  or  rarer  than  the 
other.  If  the  ftretched  body  be  left  to  its  own 
force,  it  fwings  out  to  E^F,  and  drives  the 
matter  from  A  to  a.  But  hereby  the  parts,  that 
lie  out  above  a ,  are  brought  clofer  together,  or 
made  denfer.  The  particle  a  is  denfeft  of  all. 
From  a  forwards  the  denfity  continues  ever  de» 
creafing.  Suppofe  the  vibration  to  extend  its 
effect  to  B  only.  And  thus  from  B  to  O  all 
the  parts  remain  in  their  natural  denfity  and 
elafticitv.  As  the  particle  on  account  of  its 
greater  denfity,  is  more  elaftick  than  the  reft; 
fo  it  muft  expand  itfelf  towards  O,  and  hereby 
bring  the  following  clofer  together,  continue  the 
firing  in  its  pofition  E^F;  or  turn  it  back  to¬ 
wards  A.  If  a  expands  itfelf  towards  O,  its 
denfity  continues  gradually  decreafing,  till  it 
again  acquires  its  former  natural  denfity.  But 
as  a  begins  to  expand,  fo  B,  which  before  was 
in  its  ftate  of  natural  denfity,  is  as  well  com- 
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preffed,  as  alfo  expelled  its  place.  Suppofe  it 
carried  to  b  ;  and  thus  in  b  is  the  greateft  com- 
preflion.  But  at  the  fame  time  alfo  the  particles 
lying  out  above  b ,  are  put  out  of  their  flate  of 
natural  denfity.  Suppofe  this  change  to  ceafe 
in  C,  and  the  denfity  there  to  be  in  its  natural 
flate.  But  if  the  particle  b ,  on  account  of  its 
encreafed  elaflicity,  expands  itfelf,  the  particle 
C  will  be  expelled  its  place;  which  fuppofe 
come  to  c.  And  in  this  manner  the  particles 
from  f  to  D  will  be  made  denfe-r.  The  particle 
c  in  like  manner  expands  itfelf  by  means  of  its 
greater  elaflicity.  And  hereby  D  is  expelled  its 
place.  In  this  manner  the  expanfion  ever  pro¬ 
ceeds  farther  on,  and  comes  at  length  to  the  li¬ 
mits  O.  And  thus  it  is  hence  clear,  that  the 
ftrongeft  compreffion,  made  by  the  vibration  of 
the  firing  in  the  particle  a ,  is  ever  gradually 
propagated  farther  along  the  line  AO.  So  long 
as  this  propagation  continues,  one  part  is  ever 
more  compreffed  and  elaftick  than  another. 
But  as  the  parts  of  the  line  forwards  from  b  to 
C  are  put  out  of  their  natural  denfity;  fo  the 
very  fame  thing  happens  to  the  parts  backwards 
from  b  to  B,  fo  they  are  not  compreffed  by  a 
new  vibration  of  the  firing.  Such  a  change,  in 
which  a  part  of  an  elaftick  matter  is  moved  out 
of  its  place,  and  at  the  fame  time  made  denfer, 
is  called  by  Euler  a pulfe  or ßroke . 

§■« 
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§.  212,  The  denfity  of  light  or  aether,  is  fo 
inconfiderable,  that  the  refiftence,  which  the 
planets  undergo  thereby  in  their  courfe,  remains 
unobfervable  for  years  together.  How  little  the 
motion  of  the  planets  is  thereby  retarded,  pro- 
feflor  Euler  in  his  difiertation  de  relaxations  motus 
flanetarum ,  has  examined  and  calculated.  At 
the  fame  time  he  there  fhews,  how  aether  is  to 
be  deemed  rarer  than  air  400,000,000  times. 

§.  213.  The  finenefs  or  fubtlety  of  the  parti¬ 
cles  of  light  gives  us  to  underftand,  that  the 
parts  of  the  fun’s  furface  mu  ft  be  highly  fubtle. 
Otherwife  they  would  be  incapable  to  pulh.  the 
inconceivably  fmall  parts  of  light. 

§.  214.  As  the  acftion  of  the  fun  on  light  is 
Inceflantly  1  ailing,  the  parts  of  its  furface  mu  ft 
be  in  a  continual  motion :  So  that  they  conftantly 
produce  one  ftroke  after  another  in  fucceflion, 
and  thus  move  to  and  fro.  IT  is  happens  with 
fo  great  a  degree  of  velocity,  that  the  effect 
thereof  extends  in  eight  minutes  over  a  fpace  of 
2  2COO  femidiameters  of  the  earth.  The  parts 
therefore  of  the  fun’s  furface  muft  be  in  a  vio¬ 
lent  vibrating  motion.  For  a  vibratory  tremor 
is  afcribed  to  a  body,  when  moving  to  and  fro 
fo  quick,  that  both  motions  are  fcarce  diftin- 
guifhable  by  the  eye. 

§.215.  A  body,  whofe  parts  put  light  into 
motion,  is  called  luminous .  Now  as  the  fun 
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would  not  be  luminous,  were  not  the  parts  of  its 
furface  highly  fubtle,  and  endued  with  a  violent 
tremulous  motion ;  fo  all  luminous  bodies  mu  ft 
confift  either  all  over  of  fuch  parts ;  or  at  leaft 
have  furfaces,  whofe  parts  are  of  this  difpofition. 
Of  the  firft  fpecies  is  flame;  of  the  fecond,  glow¬ 
ing  bodies,  and  other  luminous  matters,  as  rot¬ 
ten  wood,  glow-worms,  certain  millepedes,  the 
dadtyli. 

§.  216.  As  light  becomes  adlive  by  the  pulfe 
or  ftroke,  which  the  violently  tremulous  parts 
of  a  luminous  body  excite  therein,  §.  211,  214. 
So  rays  of  light  arife,  §.  144.  when  fuch  pulfes 
are  propagated  in  right  lines  by  the  light  or 
aether.  And  thus  the  denflty  of  the  rays  con- 
fills,  in  that  in  a  determinate  fpace  a  greater 
number  of  lines  with  fuch  pulfes  concurs  than 
in  another  of  a  like  magnitude.  The  power  or 
intenfenefs  of  light,  §.  146.  in  the  focus  of  a 
concave  fpeculum,  or  btirning-glafs,  §.  1  $6, 
177.  arifes  therefore  hence,  that  in  the  fmall 
fpace,  which  the  focus  takes  up,  juft  as  many 
pulfes  concur,  as  are  in  the  large  fpace  at  the 
furface  of  the  concave  fpeculum,  or  burning 
glafs. 

§.  217.  If  any  one  fhall  hold  the  rays  of  light 
for  matters,  that  flow  from  the  luminous  body  ; 
this  objedlion  lies  againft  him,  that  thcfe  matters 
muft  hinder  each  other  in  their  motion,  either 
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when  they  run  againft,  or  crofs  each  other, 
§.  207.  The  explication  now  given,  feems  fub- 
jed  to  a  like  difficulty.  Might  not  what  are 
called  pulfes  or  ftrokes,  §.  21 1.  in  like  manner 
hinder  each  other,  when  either  running  againft 
each  other,  or  propagated  in  lines,  that  crofs  or 
interfed?  But  the  experiments,  which  are  made 
with  elaftick  bodies,  ffiew  very  diftindtly,  that 
in  fuch  pulfes  or  ftrokes  we  have  no  fuch  impe¬ 
diment  to  apprehend,  §.  86.  88.  90. 

§.218.  As  light  is  a  fluid  and  invifible  mat¬ 
ter,  §.  144.  and  in  the  focus  of  a  concave  fjpecu- 
lum  and  burning  glafs  fets  combuftible  matters 
on  lire,  and  melts  other  fixed  bodies;  fo  it 
fhould  appear  to  be  a  fire,  §.  121.  This  how¬ 
ever  admits  not  of  a  full  degree  of  certainty. 
For,  tho’  bodies  lying  in  the  focus  are  expand¬ 
ed,  when  the  power  of  light  ads  upon  them 
there;  yet  it  ftill  remains  unknown,  whether 
this  expanfion  arifes  from  the  fpace,  which  a 
body  melted  in  the  focus  occupies,  having  by 
the  light  acquired  a  greater  mafs  ?  A  body  may 
be  expanded  by  its  own  proper  fire,  which  is 
united  with  all  its  parts,  when  it  is  put  in  mo¬ 
tion.  And  this  may  happen  by  rubbing  only, 
without  a  fire  from  without,  needing  to  force 
into  the  body,  §.  128.  Perhaps,  the  light  in 
the  focus  does  nothing  more  on  fixed  and  fluid 
matters,  than  by  the  number  and  intenfenefs  of 
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Its  ftrokes,  §.211.  to  roufe  the  fire  imprifoned 
in  thefe  matters.  Du  Clofs  put  a  pound  of  re- 
gulus  of  antimony,  ftamped  to  a  powder,  into 
an  earthen  veflel  in  the  focus  of  a  concave  fpe- 
culum.  This  powder  gave  forth  a  whitifh  and 
thick  fume,  and  in  an  hour's  time  was  turned 
as  it  were  to  an  afh,  and  encreafed  about  a 
tenth  of  its  former  weight.  From  this  ’tis  con^- 
eluded,  that  the  rays  of  the  fun,  like  the  fire 
lying  concealed  in  bodies,  whereby  in  like  man¬ 
ner  their  weight  is  encreafed,  have  a  certain  de¬ 
gree  of  gravity  with  them.  Were  this  the  cate, 
we  fhould  have  fufficient  reafon  to  deem  light 
a  fire.  But  it  is  not  yet  put  out  of  all  difpute, 
that  fire,  by  its  mafs  and  matter  gives  any  ad¬ 
ditional  weight  to  bodies.  Perhaps,  by  its  vio¬ 
lent  motion  it  only  opens  ways  into  minerals, 
by  which  a  certain  heavy  matter  forces  into  the 
fmelted  bodies,  and  blends  itfelf  with  them. 

M.  Gmelin  has  made  an  enquiry  into  this  matter, 
which  he  has  publifhed  in  the  Commentarii  Pe¬ 
tr  op  olitani)  T.  V.  p,  263.  'feqq. 
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CHAP.  VII.  * 

Of  the  Colours  of  Light. 


§.  219.  T  F  a  ray  of  light  is  admitted  through  a 
JL  round  narrow  opening  into  a  dark¬ 
ened  room,  it  forms  on  the  wall  a  white  circle. 
But  if  on  its  way  in  the  dark  room,  before  it 
reaches  the  wall,  it  is  intercepted  by  a  triangular 
glafs  prifm ;  in  paffing  through  this  laft  it  is 
parted  into  a  number  of  rays,  which  differ  from 
each  other  as  well  in  the  manner  of  their  refrac¬ 
tion,  as  alfo  in  colour.  The  experiments,  by 
which  Newton  attained  to  this  difcovery,  he  de- 
fcribes  in  his  cpticks.  The  principal  rays, 
which  are  molt  diftinguifhabk  from  each  other,, 
are  in  number  feven.  The  fpace  PT*  fig.  3. 
Plate  V.  which  the  rays  feparated  by  the  prifm,. 
illuminate  on  the  wall  with  their  colours,  is  ob¬ 
long,  and  at  both  extremities  of  its  length  round. 
The  colours  appear  in  circles,  which  all  together 
have  equal  diameters,  but  lofe  themfelves  in,  or 
run  into  each  other.  The  ray  P  has  the  greateft 
refraction,  and  exhibits  a  violet-coloured  circle 
A.  The  ray  T  undergoes  the  leaft  refraCtion, 
and  forms  a  red  circle  G*  Above  the  red  circle 
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G  ftands  a  gold,  or  orange  yellow  F;  above  F, 
a  fulphur  or  citron  yellow  E;  above  E,  a  green 
D;  above  D,  a  bright  or  Iky  colour  C;  above 
C,  a  dark  blue,  or  purple  colour  B. 

§.  220.  The  reafon  of  the  difference  of  the 
colours  and  refractions  is  by  no  means  in  the 
prifm  itfelf.  For,  none  of  the  feven  rays  admit 
any  change,  by  a  new  refradtion,  either  in  colour 
or  in  the  manner  of  refradtion.  So  difpofe  a 
ftand,  that  a  white  paper  faflened  thereon,  may 
be  raifed  and  lowered  ;  with  an  incifton  behind 
it  in  the  ftand,  in  which  a  fhutter  may  move  up 
and  down.  If  you  let  one  of  the  feven  colours, 
diftinguifhable  on  the  white  paper,  fall  through 
the  incifion  on  a  prifm  placed  behind;  it  will, 
indeed,  in  its  ingrefs  and  egrefs  be  refradted,  but 
enlighten  the  wrhite  wall  Handing  behind  it  with 
the  very  fame  colour,  with  which  before  the 
fecond  refradtion,  it  was  diftinguifhable  to  the 
eye.  If  all  the  feven  rays,  one  after  another,  be 
fuffered  to  pafs  through  the  fmall  opening  in 
the  ftand,  and  the  fecond  prifm,  and  you  give 
heed  to  the  quantity  of  their  refradtion  among 
themfelves;  you  find,  that  the  violet  ray,  juft  as 
behind  the  firft  prifm,  is  mo  ft  refradted;  and 
the  red,  leafl.  If  all  the  rays,  which  in  going 
out  of  the  prifm  part  afunder,  are  colledted  by  a 
burning  glafs;  they  form  in  the  focus  on  a  white 
paper  a  bright  point  or  fpot.  But  if  you  move 
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the  paper  farther  from  the  focus,  that  the  rays, 
collected  therein,  may  again  part  afunder;  the 
feven  colours  come  again  to  view  on  the  white 
paper.  They  ftand,  indeed,  in  inverted  orders 
as  having  been  fo  refracted  by  the  burning-glafs, 
that  the  uppermoft  ray  appears  undermoft;  and 
the  undermoft,  uppermoft.  But  yet  they  follow 
each  other  in  the  very  fame  order  they  obferve 
among  themfelves,  when  collected  by  no  glafs 
behind  the  prifm.  If  we  view  the  rays,  collected 
In  the  focus  through  another  prifm,  we  diftin- 
guifti  by  its  refradtion  in  like  manner  all  the  fe¬ 
ven  colours.  They  may  even  be  diftinguiftied 
through  a  prifm,  when  collected  in  the  focus  of 
a  concave  fpeculum. 

§.  221.  And  therefore  one  fort  of  rays  mu  ft 
ever  have  more  or  lefs  force  than  another.  The 
greateft  is  in  the  red,  as  it  admits  the  lead  de¬ 
gree  of  refra&ion.  And  then  the  query  is» 
whence  the  degree  of  force  or  intenfenefs  might 
ariie?  Either  the  parts  of  light  mu  ft  differ  in 
denfity  from  each  others  or  the  number  of  the 
ftrokes  following  upon  each  other,  §.211.  be 
greater  in  one  ray  of  light  in  an  equal  time  than 
in  another.  The  Hrft  feems  repugnant  to  the 
nature  of  an  elaftick  fluid  matter.  For,  fup- 
pofmg  one  part  denfer  than  another,  it  would 
by  its  intenfer  degree  of  elafticity  fo  expand  it- 
felf  againft  the  rarer,  as  foon  to  become  of  equal 
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denfity.  And  thus  it  is  more  probable,  that  one 
ray  of  light  has  a  greater  degree  of  intenfenefs 
than  the  other;  if  in  the  time,  that  the  pulfes 
are  propagated  in  both,  in  the  one  more  follow 
upon  each  other  than  in  the  other.  Take,  for 
inftance,  two  lines  ABC  and  DEFG,  fig.  4. 
Plate  V»  each  of  which  is  two  inches  long. 
Suppofe  from  A  to  B  one  inch,  and  in  like 
manner  from  D  to  F  one  inch.  In  both  fup- 
pofe  a  ftroke  to  arife  at  the  fame  time.  The 
ftroke  at  A  in  a  fecond  to  reach  to  B ;  and  the 
ftroke  at  D,  in  a  fecond  to  F.  And  thus  in 
equal  times  both  may  perform  an  equal  way. 
In  the  firft  line  reach  the  ftroke  in  a  fecond  to 
B;  a  new  one  may  take  rife  at  A.  On  the  con¬ 
trary  in  the  fecond  line  a  new  ftroke  at  D  may 
arife,  when  the  firft  ftroke  of  this  line  is  in  half 
a  fecond  in  E.  From  D  to  E  may  be  half  an 
inch.  So  that  the  intervals  between  two  ftrokes 
in  the  firft  line  are  greater;  and  in  the  fecond 
lefs.  But  the  following  ftroke  may  be  fo  quick, 
as  the  preceeding.  At  the  end  of  the  fecond 
line  at  G  the  ftrokes  come  thus  quicker  on  each 
other,  than  at  the  end  of  the  firft  line  at  C, 
Now  if  the  faid  intervals  be  fo  fmall,  that  the 
following  ftroke  ads  on  its  next  preceeding;  the 
preceeding  will  neceffarily  be  heightened.  And 
though  thus  the  firft  ftroke  arifen  at  A  comes 
in  the  very  fame  time  to  the  point  C,  in  which 
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the  fir  ft  ftroke  excited  at  C  reaches  the  point  G ; 
yet  the  power  of  the  ftroke  in  G  is  greater  than 
the  power  or  intenfity  of  the  ftroke  in  C. 

§.  222.  The  red  ray  therefore  is  the  leaft; 
and  the  violet,  the  moll  refra&ed :  As  in  that 
the  ftrokes  follow  on  each  other  the  quickeft  j 
and  in  this  the  ftoweft. 

§.  223.  If  therefore  the  light,  or  aether  is  every 
where  of  equal  denfity  in  its  parts,  the  difference 
of  colour  in  the  refracted  rays  may  thence  be 
accounted  for ;  viz.  that  one  ray  of  light  confifts 
of  a  greater  number  of  ftrokes  than  another: 
And  thus,  for  inftance,  the  rays  called  red,  oftner 

1  , 

touch  and  ftrike  the  eye,  then  in  an  equal  time 
it  is  touched  by  thofe  called  violet  rays.  And 
thus  colours  are  properly  nothing  elfe  but  mo¬ 
tions,  excited  in  the  eye  by  the  ftriking  light. 

§.  224.  The  tremulous  motions  of  the  move- 
able  parts  of  a  luminous  body,  from  which  the 
ftrokes  in  the  light  have  their  rife,  muft  there¬ 
fore  be  ununiform  or  variable:  Whether  it  be, 
that  each  part  vibrates  now  quicker,  again 
flower:  Or,  that  in  each  point  are  feven  parts, 
one  of  which  has  ever  a  different  degree  of  ve¬ 
locity  from  the  other,  but  yet  conftantly  retain¬ 
ing  the  velocity  peculiar  to  it.  The  laft  appears 
to  proleffor  Euler  to  be  repugnant  to  the  nature 
of  a  burning  body,  where  the  violent  motion  of 
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the  fire  allows  of  no  fuch  uniform  conne&ion  of 
the  parts. 

§.  225.  If  we  allow  the  length  of  the  image, 
which  confifts  of  the /even  colours,  §.  219.  360 
equal  parts;  the  red  colour  extends  t0  45^  the 
gold-yellow  to  27;  the  fulphur-yellow  to  48; 
the  green  to  60 ;  the  fky-colour  to  60 ;  the  pur¬ 
ple-colour  to  40 ;  and  the  violet-colour  to  80 
fuch  parts. 

§.  226.  The  feven  fpecies  of  rays  may  be 
blended  together  in  a  twofold  manner.  You 
may  produce  colours,  that  as  well  referable  fome 
of  the  primitive  colours,  as  that  quite  differ 
from  them.  But  none  of  thefe  compound  co¬ 
lours,  .  in  the  manner  of  the  primitive  is  un¬ 
changeable,  when  either  made  to  fall,  or  when 
viewed  through  a  priffn.  Thus  the  mixture  of 
the  red  and  fulphur-yellow  colours  gives  a  gold- 
yellow,  which  differs  in  nothing  from  the  primi¬ 
tive  gold-yellow.  From  the  mixture  of  the 
fulphur-yellow,  green  and  fky-colour,  or  azure 
rays  arifes  a  green  colour,  which  differs  fome- 
what  from  the  primitive  green. 
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PART  V. 

Of  (QUICKSILVER, 

CHAP.  I. 

Of  the  Properties  of  Quicksilver, 

§.  227.  ^"XUICKSILYER,  or  mercury,  is 

a  fluid  matter,  whole  fpecifick  gra¬ 
vity  is  to  that  of  water  without  air  as  140 19  to 
1000,  and  confequentiy  about  as  14  to  1, 
And  hence  on  putting  the  hydroftatical  fork, 
fig.  6.  Plate  XIV.  with  the  one  leg  AB  into  a 
vefiel  of  quickfilver,  and  with  the  other  CD 
into  a  vefiel  of  water,  and  pulling  up  the  pifton 
E *,  the  water  in  CD,  by  the  prefiure  of  the  air, 
will  be  forced  up  14  times  as  high  as  the  quick¬ 
filver  in  AB.  Quickfilver  is  commonly  found 
in  the  mines  mixed  up  with  iulphur,  or  with  a 
loamy  and  fiony  matter.  But  at  times  it  is 
found  actually  running,  and  then  by  way  of 
dillinction  called  virgin  mercury.  As  it  wets  not 
feveral  things  that  come  in  contact  with  it,  it  is 
called  by  feme  aqua  Sicca. 
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§.  228.  There  has  not  to  this  day  any  degree 
of  cold  been  known,  by  which  quickfilver  has 
loft  its  fluidity.  As  the  French  academicians 
who  meafured  a  degree  of  the  meridian  at  the 
polar  circle,  were  in  the  month  of  January  in 
1 737  at  Cornea-,  the  cold  was  fo  intenfe,  that  the 
fpirit  of  wine  in  the  thermometer  was  froze;  as 
M.  Maupertuis  relates  in  his  book  on  the  figure 
of  the  earth:  Whereas,  the  mercury  continued 
fluid.  In  Reaumur's  mercurial  thermometer,  in 
which  in  the  cold  winter  of  1 709,  the  mercury 
at  Paris  flood  14  degrees  under  the  freezing- 
point,  at  Pome  a  it  fell  quite  to  37  degrees.  A 
Hill  feverer  degree  of  cold  profeffor  Gmelin  men¬ 
tions  in  the  firft  part  of  his  travels  to  Siberia . 
As  on  December  6\  1734,  in  the  town  Jenifeifk 
he  obferved  the  depth  of  the  quickfilver  in  the 
thermometers,  he  found  it  120  degrees  accord¬ 
ing  to  Fahrenheit's  divifion,  §.  123.  n.  1.  under 
the  mark  O,  which  in  Delifle's  thermometer 
make  277  degrees,  §.  126.  And  notwithstand¬ 
ing,  it  continued  fluid. 

§.  229.  By  Are  mercury  refolves  into  a  fubtle 
fume,  which  confifls  of  fmall  globules,  that  are 
quickfilver  flill;  as  experience  fhews,  on  catch¬ 
ing  the  fume  with  wet  leather.  But  the  degree 
of  heat,  whereby  quickfilver  is  volatilized,  muff 
be  greater  than  that,  in  which  water  boils,  § 
123. 

§.  230. 
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§.  230.  If  wrapt  up  in  linen,  and  held  over 
fmelting  lead,  it  turns  fixed,  fo  as  to  bear  rub- 
Kincr.  This  change  is  called  its  calcination.  As 
from  the  lead  in  fmelting,  nothing  but  fume 
goes  off:  Dr.  Neuman  in  bis  Chymiflry ,  T.  I. 
P.  I  §.  6.  c.  3.  §.  10.  holds  the  fume  arifing 
from  the  lead  for  the  caufe  of  this  calcination ; 
as  forcing  in  between  the  parts  of  the  quickfilver 
and  adhering  to  them,  and  thereby  {lengthen¬ 
ing  their  mutual  cohefion.  In  like  manner,  §. 
11.  he  fhews  how  quickfilver  is  turned  to  a 
black  calx,  on  mixing  three  parts  thereof  with 
one  of  melted  fulphur.  And  if  the  parts  of  the 
fulphur  be  flirred  among  the  quickfilver;  they 
coat  over  the  furfaces  of  the  fubtle  particles  of 
the  quickfilver.  If  therefore  thefe  involving 
particles  of  fulphur  are  fixed  and  hardened  by 
the  cold;  a  matter  arifes  which  may  be  rubbed. 


CHAP.  II. 

Of  the  Caufe  of  the  Fluidity  of  Quick¬ 
silver. 


§.231.  A  S  quickfilver  contra&s  into  a  ftill 

narrower  fpace,  the  greater  the 

degree  of  cold  to  which  it  is  expofed ;  fo  from 

this 
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this  we  may  perceive,  that  it  owes  its  fluidity  to 
the  fire,  lodged  between  its  particles,  and  ever 
continuing  to  put  it  in  motion. 

§.  232.  But  as  it  remains  fluid  in  a  degree  of 
cold,  in  which  fpirit  of  wine  has  froze ;  fo  the 
query  is,  how  a  degree  of  fire  fo  weak,  which 
may  happen  ftill  to  remain  in  fo  violent  a  degree 
of  cold,  is  capable  of  feparating  the  particles  of 
quickfilver  afunder,  and  maintaining  them  in  a 
conftant  degree  of  motion?  It  might  almofl:  be 
doubted,  whether  this  fo  weak  a  fire  could  have 
fuch  an  effedt,  as  quickfilver  is  14  times  heavier 
and  denfer  than  water.  But  in  this  cafe  we  are 
to  confider  the  uncommon  fubtlety  of  the  parti¬ 
cles  of  quickfilver.  A  cubick  inch  of  quickfil¬ 
ver  contains,  indeed,  14  times  the  quantiy  of 
matter,  that  a  cubick  inch  of  water  does.  But 
poflibly  a  very  fmall  particle  of  quickfilver, 
which  no  longer  conflits  of  quickfilver  particles, 
is  much  fmaller  and  lighter  than  a  very  fmall 
particle  of  water.  Suppofe  the  weight  of  a  very 
fmall  quickfilver  particle  were  only  the  hun¬ 
dredth  part  of'  the  weight  of  a  very  fmall  water 
particle;  in  order  to  move  fuch  a  quickfilver 
particle,  the  hundredth  part  only  of  the  power 
of  a  particle  of  fire  would  be  neceffary,  by  which 
one  particle  of  water  may  be  feparated  from 
another. 


PART  VI. 

Of  the  Electrical  Matter. 

CHAP.  I. 

Of  ELECTRICITY. 


§„  233*  TT^LECTRUM  or  amber  rubbed* 
-Li  manifefts  a  degree  of  light  and  of 
motion ;  by  which,  light  and  contiguous  bodies, 
as  leaf-gold,  are  attracted  to  it,  and  repelled 
from  it.  Thefe  phenomena,  or  appearances,  in 
the  firft  and  proper  fignification  are  called  elec¬ 
tricity.  But  they  may  be  alfo  produced  in  other 
matters,  as  fulphur,  fealing-wax,  porcelane  and 
glafs  by  rubbing;  and  communicated  toother 
matters,  as  water  and  metals.  For  want  of  a 
word,  by  which  to  exprefs  thefe  phenomena,  the 
term  electricity,  has  had  a  general  fignification 
allotted  it.  And  thus  by  electricity  we  in  gene¬ 
ral  mean  that  date,  in  which  a  light  together 

with  a  motion,  by  which  light  bodies  may  be 

\ 

attracted  and  repelled,  appears  in  a  body ;  as  in 
rubbed  electrum  or  amber.  The  body  itfelf,  in 
this  date,  is  faid  to  be  ele£frified> 

lit 
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In  the  experiments  and  differtations  of  the 
philofophical  fociety  in  Dantzick,  P.  I.  M.  Da¬ 
rnel  Gralath  in  1747,  gave  a  hiftory  of  eleftrici- 
ty.  At  Paris  in  1752,  was  publilhed  me  Hif- 
toire  generale  et  particuliere  de  /’ EleElricite  in  three 
parts.  The  experiments  I  myfelf  made,  I  de- 
fcribed  in  three  writings  •,  the  firft  publiflied  in 
1744;  the  fecond  in  1745,  and  the  third  in 
1 746.  The  firft  entitled.  Reflexions  on  the  pro¬ 
perties,  ejfeXs  and  caufes  of  EleXricity.  The  fe¬ 
cond,  The  properties  of  the  eleXrical  matter,  and 
elcihical  fire And  the  third.  The  intenfity  of  the 
electrical  for ce  of  water  in  glafs  vefjels,  difcovered 
by  Mufchenbroeck’r  experiment.  In  quoting  thefe 
writings,  I  lhall  denote  the  firft  by  the  letter  E ; 
the  fecond  by  F ;  and  the  third  by  G. 

§.  234.  Electricity  in  fo  far  as  it  is  excited  in 
a  body  by  rubbing,  is  called  the  original  and  the 
proper ;  and  the  body  called  eleXrical  in  and  of 
itfelf.  But  in  fo  far  as  it  arifes  in  a  body,  with¬ 
out  rubbing,  by  the  electricity  of  another  elec¬ 
trified  body,  it  is  called  the  communicated  and  the 
propagated  eleXricily.  But  this  laft  in  order  to 
become  obfervable,  the  body  to  which  it  is  to 
be  communicated,  muft  reft  on  a  matter  of  it¬ 
felf  eleftrical ;  of  which  kind  are  glafs,  fulphur, 
filk  and  rofin,  PI  §.  28 — 31. 

By  the  rubbing,  the  parts  of  a  body,  of  itfelf 
eleftrical,  are  either  feparated  afunder;  as  when 

for 


Of  FLUID  BODIES. 

for  inftance,  we  ftamp  or  grate  fulphur  G,  p. 
j  r  i  •  or,  remain  unfeparated  *,  as  in  the  cafe  of 
giafs  and  porcelane.  In  all  which  we  are  to 
confider  partly  the  reciprocal  motion  E,  §.  6.  feqq. 
F,  §.  39.  48-  partly  the  continued  motion  F,  §. 
41.  47.  The  machine,  which  I  at  firft  ufed 
with  much  commodioufnefs,  ordered  in  the 
manner  of  a  Turner’s  bench,  in  which  a  hollow 
ejafs  was  turned,  and  rubbed  on  a  leather 

o 

cufhion,  I  deferibed  in  the  hiftorical  part  of  the 
writing  E,  Chap.  II.  The  experiments  I  made 
therewith  in  1743,  in  the  prefence  of  the  young 
princes  of  Saxony ,  Frederick  Chriftian ,  and  Xave- 
riusy  were  feen  with  fo  much  pleafure  by  both, 
that  electricity  came  to  be  in  great  vogue  and 
requeft.  I  afterwards  found,  that  the  electrical 
force  might  be  excited  with  a  greater  degree  oi 
intenfenefs,  on  turning  a  hollow,  and  horizon¬ 
tally  hanging  glafs-globe,  by  means  of  a  wheel, 
and  laying  on  the  giobe,  in  the  act  of  turning, 
a  hand  naturally  dry.  Such  a  machine  profefior 
Haufen  had  ufed  with  much  advantage,  before  I 
had  thought  of  the  turning-machine  juft  men¬ 
tioned.  The  whole  apparatus  may  be  feen  at 
the  beginning  of  his  diflertation,  puhlifhed  at 
Leipßck  in  1743  by  profefior  Gottfched ,  under 
the  following  title,  Novi  prcfedlus  in  htßoria 
.  Eledlricitatis.  In  order  to  heighten  the  electricity* 
I  in  1745  caufed  to  be  made  two  peculiar  ma¬ 
chines, 
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chines,  which  I  defcribed  in  the  hiftorical  part 
of  the  writing,  F.  c.  7,  In  the  one,  eight  hol¬ 
low  glafles,  with  their  leather  cufhions,  may  be 
worked  at  once  by  a  fingle  perfon  by  means  of 
a  leaver.  But  here  too,  as  in  the  cafe  of  the 
fimple  turning-machine,  this  inconvenience  of¬ 
fers,  m.  that  the  glaffes  by  the  rubbing  on  the 
cufhions,  turn  very  foon  too  hot,  whereby  the 
electricity  lofes  of  its  firft  degree  of  intenfenefs. 

In  the  other  machine,  where,  by  means  of  a 
fingle  wheel,  four  globes  are  turned  at  once,  and 
eledrified  by  two  perfons  applying  their  hands, 
the  ele&ricity  may  be  kept  up  a  long  time  to  an 
equal  pitch  of  intenfenefs,  when  the  turning  is 
continued;  fo  the  applying  the  hands  be  ordered 
in  fuch  a  manner,  as  that  the  globes  remain  un¬ 
heated.  With  this  machine  in  1746  I  repeated 
Mufchenbroeck’ s  experiment.  Mr.  PFatfon,  a  fel¬ 
low  of  the  Royal  Society  of  London ,  in  a  treatife 
tranflated  into  French  in  1748,  under  the  title* 
Experiences  &  obfervations  pour  fervir  a  V explica¬ 
tion  de  la  nature  &  des  proprietes  de  Veleffricite , 
gives  a  defcription  of  a  new  machine,  where,  by 
means  of  a  wheel  feveral  glafs  globes,  that  rub 
on  leather  cufhions,  fluffed  with  hair,  are  worked 
at  once.  Inflead  of  four  globes,  each  of  which 
is  eight  Paris  inches  in  diameter,  I  ufed  a  fingle 
globe,  in  diameter  1 7  Paris  inches,  for  electrify¬ 
ing.  But,  on  account  of  the  fize  of  the  globe, 

two 
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two  perfons  in  like  manner  are  neceffary  to  lay 
their  hands  on  it,  in  order  fufficiently  to  excite 
its  ele&rical  force.  The  wheel  too  muft  be 
turned  by  two  men,  whether  you  ele&rify  with 
the  large  globe,  or  with  the  four.  In  order  thus 
to  be  able  to  carry  on  the  experiments  with  lefs  ' 
expence,  I  generally  ufe  a  machine,  in  which 
the  wheel  is  turned  by  a  fingle  perfon,  and  in 
which  two  globes  hang,  each  between  eight  and 
nine  inches  in  diameter,  on  which,  when  turned 
round,  one  perfon  lays  his  hands. 

§.  235.  EleCtricity  may  be  excited  as  well  in 
air  as  in  vacuo,  and  forces  through  glafs,  feal- 
ing-wax  and  pitch  out  of  vacuum  into  the  air, 
and  out  of  this  again  into  that.  The  defcription 
of  the  machines,  with  which  I  at  firft  electrified 
in  vacuo,  is  contained  in  the  writing  F,  Chap. 
VIII.  of  the  hiftorical  part.  I  afterwards  ufed 
for  thefe  experiments  the  rotatory  machine,  de- 
fcribed  by  Gravefande  in  his  Element  a  Phyfices , 
§.  567,  and  by  the  abbe  Nollet  in  his  EJfai  fur 
V  ele  dir  kite  des  corps ,  p.  31,  32.  and  in  his  Lemons 
*  de  Phyf  T.  III.  Le£.  X.  Experiment  XIII. 

The  veffel,  which  is  fet  over  the  electrifying 
machine  on  the  plate  of  the  air-pump,  I  caufed 
to  be  made  of  copper,  on  account  of  the  {baking 
arifing  by  the  turning.  On  the  fide  of  the  veffel 
CD,  fig.  7.  Plate  XIV.  is  an  aperture  with  a 
fere w- nut;  into  which  a  ferew  is  introduced, 

with 
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With  a  cemented  fmall  glafs  tube ;  through  which 
goes  a  metal  wire  EF,  faftened  with  cement,  at 
whofe  internal  end  F  hang  filver  threads,  which 
reach  to  the  glafs  GH,  which  may  be  rubbed 
on  a  culhion  in  vacuo.  If  this  glafs  be  moved 
by  means  of  the  fpindle  IK  and  of  a  wheel,  and 
rubbed  fufficiently  at  the  culhion;  it  fo  commu¬ 
nicates  the  electricity  to  the  metal  wire,  that 
leaf-gold,  held  under  the  external  end  of  the 
wire,  is  put  into  frifking  motions,  and  out  of 
the  wire  fparks  come  forth,  on  approaching  a 
finger  or  metal  to  it. 

§.  236.  If  two  bodies  are  electrified  to  an 
equal  degree,  neither  will  be  attracted  by  either. 
If  the  one  is  eafily  moveable,  it  removes  from 
the  other.  And  if  both  are  fuch ;  both  of  them 
remove  from  each  other,  F.  §.  1,  2,  3. 

§.  237.  From  the  angles,  and  points  of  elect ri¬ 
fled  bodies  luminous  rays  ftream  forth  in  diverg¬ 
ing  lines,  E.  §.  56.  F.  <§.  57.  But  if  the  electri¬ 
cal  matters  touch  two  equally  flrong  electrified 
points,  no  luminous  rays  appear,  F.  §.  5. 

§.238.  If  between  an  electrical  and  an  une¬ 
lectrical  body  the  electrical  light  is  fo  flrong, 
as  to  form  a  cylinder,  which  vanifhes  with  ä 
crackling;  it  is  called  an  eleffrical  /park,  E.  §. 

63.  69,  70,  71.  F.  §.  14.  which  can  fet  on  fire 

/ 

all  fluid  matters,  fufceptible  of  taking  fire  from 
flame;  as  fpirit  of  wine,  and  the  glowing  y/ick 

Vol.  r  u  of 
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of  an  extinguished  wax -light,  E.  §.  75— 79* 
Alfo  the  electrical  rays  arifing  in  vacuo  have  a 
kindling  force,  which  appears  on  the  electricity 
going  out  of  it  into  air.  For,  letting  a  (park 
ft r ike  on  the  metal  pin  AB  at  A,  fig.  8.  Plate 
XIV.  and  holding  at  the  fame  time  at  the  pin 
BC  under  C  fpirit  of  wine  in  a  fpoon,  it  will  be 
kindled  by  a  fpark  at  C. 

§.  239.  The  electricity  is  ever  ftronger,  the 
greater  the  mafs  and  matter  of  an  electrified 
body  ^  the  more  electrifying  tubes  and  globes  act 
thereon,  and  the  lefs  the  matter  whereon  an 
electrified  body  refts,  takes  the  electricity,  F. 
§.  43.  46.  In  particular,  the  eleCtricity  is 
heightened,  if  a  body,  fufceptible  of  receiving  it 
by  communication,  is  lodged  in  a  veflel  of  glafs, 
or  of  the  glafs  kind,  filled  with  water,  or  a  mat¬ 
ter,  fufceptible  in  like  manner  of  being  electri¬ 
fied.  If  a  perfon  with  the  one  hand  holds  a 
glafs  flafk  filled  with  water,  in  which  a  metal 
wire  lodges,  that  is  electrified,  and  approaches 
one  finger  of  the  other  hand  to  this  wire,  the 
darting  eleCtrical  fpark  caufes  in  the  hand,  and 
in  other  parts  of  the  body,  a  violent  fhaking  or 
Shock.  This  experiment  is  called  Mufchen- 
broeck’s  •,  as  having  been  firft  attempted,  and 
made  pubiick  by  profeilor  Mujchenbroeck  in  the 
year  1746,  G.  §.  1.  How  to  order  this  experi¬ 
ment,  and  be  fafe  againft  its  effecl ;  and  how, 

not- 
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notwithflanding,  to  obferve  its  force,  I  have  cir- 
cumftantially  fhewn  in  the  hiftoricai  part  of  the 
writing  G.  c.  2,  3,  4,  5  and  6. 

With  thefe  fparks,  excited  by  Mufchenbrceck9 s 
experiment,  I  have  this  year  1754  excited  two 
unexpected  effeCts.  On  thfe  8  th  of  January  I 
ftrewed  feeds  of  lycopodium  to  about  a  quarter 
of  an  ounce  on  a  plate,  and  let  off  an  eleCtrical 
ray  on  them,  after  fufficiently  electrifying  water, 
mixed  up  with  faltpetre  in  a  number  of  large 
flafks.  For  the  electrifying  I  ufed  the  machine 
with  two  glafs  globes,  and  turned  the  wheel  fe~ 
veral  hundred  times  round.  Over  the  feeds  I 
conveyed  a  brafs  ball  an  inch  in  diameter,  which 
had  received  the  electricity  from  the  water-flalks, 
by  means  of  a  chain,  which  I  held  with  a  filken 
ftring.  So  foon  as  the  ball  was  fo  near  the  feeds, 
that  between  it  and  the  plate  a  fpark  might 
arife,  an  eleCtrical  ray  burfl  forth  with  a  great 
fnap,  and  fet  the  feeds  under  the  ball  in  a  high 
mounting  flame.  I  Itrewed  again  the  like  feeds 
on  the  plate,  and  laid  flax  over  them,  which  at 
its  ends  I  faftened  with  wax  to  the  plate.  I 
caufed  again  the  eleCtrical  force  to  be  excited,  till 
arrived  to  a  fufficient  degree  of  intenfity;  and  I 
conveyed  the  laid  ball  over  the  flax  and  feeds. 
The  electrical  ray  burfling  forth  fet  fire  to  the 
feed,  fo  that  by  its  flame  the  flax  catched  fire  all 
over.  On  the  13th  o {January,  I  laid  between 

U  2  one 
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one  and  two  grains  of  aurum  fulminans  on  the 
plate,  and  let  off  an  electrical  flafli,  of  the  in- 
tenfenefs  I  now  mentioned,  on  the  aurum  fulmi¬ 
nans;  and  it  was  fo  refolved  by  the  flalh,  as  to 
caufe  a  loud  crack,  and  leave  behind  a  mounting, 
fume.  I  prefled  wax  round  the  aurum  fulmi¬ 
nans  on  the  plate,  covered  over  with  a  fmall 
circle  of  parchment,  and  fecured  again  with  wax 
on  the  rim,  fo  that  the  aurum  fulminans  was  as 
it  were  inclofed.  So  foon  as  the  electrical  flafli 
went  through  the  parchment,  the  aCtion  of  the 
aurum  fulminans  was  fo  ftrong,  as  to  tear  the 
parchment  in  fmall  bits,  and  fcatter  them  up 
and  down. 


t 

CHAP,  II. 

Of  the  Properties  of  the  Eieftrical  Matter. 

"  X  / 

§.  240.  rpHE  eleCtrical  matter  is  proper  to 
JL  the  bodies,  in  which  eleCtricity 
manifefts  itfelf;  that  is,  they  have  it  from  their 
origin,  and  it  continues  united  with  them,*  fo 
long  as  they  laft.  For,  fo  foon  and  fo  long,  as 
a  body,  which  bears  being  eleCirified  by  rub¬ 
bing,  continues  capable  of  being  rubbed,  the 
original  electricity  may  be  excited  in  it.  In  like 

manner 
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manner  it  may  be  given  to  a  body,  which  ad¬ 
mits  the  eleCtricity  to  be  communicated  to  it, 
fo  long  as  it  continues  a  body. 

As  bodies,  which  are  of  themfelves  eleCtrical, 
are  rubbed  with  matters,  which  cannot  be  elec¬ 
trified  by  rubbing;  it  might  be  furmifed,  that 
perhaps  the  bodies,  which  are  of  themfelves 
electrical,  contained  no  electrical  matter,  but  by 
rubbing  only  were  made  capable  of  admitting 
into  them  the  eleCtrical  matter  from  the  bodies, 
with  which  they  were  rubbed.  But  this  is  only 
•mere  furmife.  If  you  put  powdered  glafs  into 
a  glafs  vefifel,  with  a  brafs  wire  in  it,  and  com¬ 
municate  the  eleCtricity  thereto:  The  eleCcricity 
will  be  as  intenfe  as  when  water  is  in  the  glafs. 

So  little  reafon  as  wq  have  to  hold  the  eleCtri¬ 
cal  matter,  which  manifefis  itfelf  in  bodies, 
when  rubbed,  for  a  bare  efflux,  arifing  only 
from  the  rubbing  things;  fo  little  are  we  to 
confider  the  eleCtrick  matter  in  the  bodies,  to 
which  the  eleCtricity  is  communicated,  as  an 
efflux,  barely  proceeding  from  a  body  of  itfelf 
eleCtrical  and  rubbed.  For,  if  a  glafs  tube  or 
globe  is  eleCtrified  by  rubbing,  and  you  let  a 
metal  chain,  which  hangs  at  filken  firings,  be 
touched  by  the  tube  or  globe:  The  whole  chain, 
the  moment  it  is  touched,  is  eleCtrified,  though 
with  many  thoufand  times  more  furface  and 
rnafs  than  tube  and  globe.  In  the  moment,  that 
'  U  3  the 
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the  one  end  of  the  chain  is  touched  by  the  tube 
or  globe,  an  eleCtrical  fpark  flies  out  of  the 
ether,  on  a  finger,  or  a  metal,  at  a  due  diftance 
from  that  end.  The  eleCtricity  arifing  in  a  me¬ 
tal,  if  touched  by  a  rubbed  glafs  globe,  is  far 
ftronger  than  the  eleCtricity  of  the  globe  itfelf. 
And  the  greater  the  mafs  of  the  metal,  the 
ftronger  eleCtrical  fparks  fly  from  it.  In  parti¬ 
cular,  the  eleCtrical  power  increafes,  if  water  is 
\ 

eleCtrified  in  glafs  veflels.  All  this  is  a  confir¬ 
mation,  that  the  bodies,  which  admit  being 
electrified  by  the  touch  of  rubbed  bodies,  have 
not  their  eleCtrical  matter  from  the  rubbed  bo^ 
dies. 

§.  241.  The  eleCtrical  matter  encompafifes 
and  faturates  the  bodies,  which  admit  electrify¬ 
ing,  as  a  conftantly  fluid  and  cohering  fubftance. 
Tor,  a  body  which  bears  imparting  eleCtncity  to 
it,  when  retting  on  a  matter  of  itfelf  eleCtrick, 
how  great  or  long .  foever;  yet  it  bears  to  have 
its  whole  furface  electrified  in  a  moment  by  a 
Angle  fpark.  You  need  only  hold  a  fmall  piece 
of  metal  at  a  filken  thread,  fo  it  relts  on  a  bo¬ 
dy,  to  which  the  eieCtricity  is  communicated, 
and  then  with  the  thread  draw  it  off  the  body, 
and  bring  it  to  a  metal  chain,  that  hangs  at 
filken  firings;  and  it  wifi  be  inftantlv  eleCtrified 
from  one  end  to  the  other.  Now  each  part  of 
ipch  a  body,  how  fmall  foever,  may  be  electrifi¬ 
ed, 
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ed.  i  So  that  all  the  parts,  into  which  a  body  is 
refolvable,  are  encompafled  with  eleCirical  mat¬ 
ter.  But  the  parts  of  a  body  are  fo  combined 
together,  that  there  are  every  where  between 
them  interftices,  in  which  a  fubtle  matter  may 
lodge.  From  this  it  is  evident,  that  a  body, 
which  admits  imparting  eleCtricity  to  it,  is  fated 
throughout  with  eleCtrical  matter,  as  a  kind  of 
fluid  fubftance.  And  this  may  be  affirmed  even 
of  the  bodies,  that  bear  electrifying  by  rubbing. 
For,  if  an  exhaufted  glafs  globe  be  rubbed  ex¬ 
ternally,  a  light  appears  on  its  internal  furface. 
In  like  manner  there  arife  flafhes,  which  move 
up  and  down  in  an  exhaufted  globe  or  tube, 
when  touched  by  an  electrified  metal.  On  rub“ 
bing  the  internal  furface  of  a  clofe  glafs  or  por- 
celane  veflfel,  leaf-gold,  lying  at  a  certain  difi- 
tance  from  the  external  furface,  is  put  into  frifk- 
ing  motions,  F.  §.  21. 

§.  242.  The  eleCtrical  matter  con  lifts  of  parts, 
in  which  light  is  in  various  manners  refraCted 
and  reflected.  On  viewing  an  eleCtrical  fpark, 
produced  in  air,  through  one  of  MarßaF s  mag¬ 
nifiers,  it  appears  like  a  pure  azure  ftream  of 
the  pureft  fire.  But  ftream  the  eleCtrical  matter 
from  a  metal  wire  or  pin  in  vacuo,  a  variety  of 
colours  appear*,  efpecially,  when  the  fpace  be¬ 
tween  the  wire  AB  and  BC,  fig.  8.  Plate  XIV. 
under  the  exhaufted  bell,  is  only  two  or  three 

U  4  .  inches 
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inches  long,  and  externally  at  BC  a  chain  lies. 
The  colours  exhibit  themielves  to  fight,  without 
needing  to  view  the  matter,  dreaming  in  vacuo, 
through  a  prifm.  From  this  it  is  clear,  that 
the  parts  of  the  eleCtrical  matter  muff  differ 
from  each  other  in  contexture. 

§.  243.  As  the  eleCtrical  matter  fires  fpirits  of 
wine  and  feeds  of  lycopodium,  and  in  the  man¬ 
ner  of  a  heated  matter  refolves  aurum  fulmi- 
nans,  §.  238.  feq.  it  appears  to  hold  fire.  Per¬ 
fectly  certain  it  is  not.  For,  as  the  parts  of  the 
eleCtrical  matter  are  highly  fubtle,  and  aCt  with 
great  velocity;  they  may  hereby  probably  put 
the  fire,  included  in  inflammable  matters,  into 
motion,  without  being  themfelves  a  fire. 

If  fire  be  found  in  the  eleCtrical  matter,  it 
may  in  refpeCt  to  the  either  matters  be  of  incon- 
fiderable  power.  In  all  appearance,  an  eleCtrical 
fpark  fhould  fire  feeds  of  lycopodium,  without 
requiring  to  be  excited  in  Mufcbenbroeck* s  man¬ 
ner.  A  flame  never  fo  fmall  Tires  them. 
Whereas  in  Mufcbenbroeck' s  experiment  the  elec¬ 
trical  force  mufl;  be  heightened  by  much  water, 
mixed  with  faltpetre,  for  the  bu rifling  eleCtrical 
fiafli  to  fire  the  feeds  of  lycopodium,  fo  as  to 
mount  up  in  a  flame.  The  intenfity  of  fuch  a 
fpark  I  deferibed  in  1753,  in  a  Programme  de 
avert endi  fulminis  artificio  ex  doßrina  eleffiricitatis , 
p.  io,  11,  Were  fuch  a  flafh  for  the  greateft 

part 
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part  only  fire;  there  could  be  no  reafon,  why  it 
finould  not  fire  gunpowder,  efpecially  as  its  eflfed 
is  fo  quick  and  intenfe. 

§.  244.  The  eledrical  matter  is  elafiick,  or 
has  a  conatus  to  expand  itfelf.  For,  from  the 
angles  and  points  of  eledrified  bodies  luminous 
rays  proceed  in  diverging  lines,  E.  §.  56.  If  an 
uneledrified  body  approaches  thefe  rays,  it  in 

like  manner  emits  fuch  rays,  which  unite  with 

/ 

the  other,  F.  §.  10.  In  vacuo  fuch  cones  of 
light,  which  ftream  againd  each  other  from  an 
eledrified  and  uneledrified  body,  appear  very 
didindly,  on  making  the  experiment  in  the 
dark,  F.  §.  57.  If  we  view  through  a  magni¬ 
fying  glafs  the  furfaces  of  two  metals,  fo  diftant 
afunder  in  the  open  air,  that  the  eledrical  mat¬ 
ters  dreaming  from  them,  cannot  attain  the 

denfity  of  a  fpark;  we  obferve  on  both  furfaces 

• 

luminous  globules,  that  appear  to  play  upon 
them.  If  at  a  drong  eledrified  metal  the  flame 
of  a  candle  Hands;  it  will  be  blown  along  as  by 
a  wind  proceeding  from  the  metal.  And  this 
arifes,  Hand  the  flame  at  the  metal  where  it  will. 
And  bringing  any  part  of  an  uneledrified  body 
within  a  certain  didance  of  one  eledrified ;  you 
may  obferve  the  eledrical  matter  dreaming  forth 
from  it.  The  eledrical  matter  therefore  of  a 
body  feeks  to  exert  itfelf  every  way  round  its 
fur  face. 

1  * 
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§.  245.  And  thus  a  body  is  eleCtrified,  fo  a  a 
ele&rica!  matter  is  put  into  motion,  fo  as  to  ex¬ 
pand  itfelf,  happen  it  either  with  or  without 

rubbing. 

§.  246.  In  the  electrical  matter  of  a  body, 
which  bears  being  eleCtrified  without  rubbing, 
this  motion  arifes,  fo  foon  as  it  is  touched  by  an 
expanding  eleCtrical  matter.  But  if  a  body  may 
not  be  electrified  otherwife  than  by  rubbing,  its 
eleCtrical  matter  will  not  in  any  remarkable 
manner  be  refolved  and  expanded  by  the  bare 
contaCl  of  an  expanfive  eleCtrical  matter.  If  this 
happened,  the  eleCtricity  would  be  confiderable 
in  no  body,  that  may  be  electrified  without  rub¬ 
bing.  Were,  for  inftance,  the  eleCtrical  matter 
of  filken  firings,  at  which  a  metal  tube  or  chain 
hangs,  on  communicating  the  eleCtricity  thereto, 
refolved  in  an  equal  degree  by  the  bare  touch  of 
their  refolved  eleCtrical  matter;  the  eleCtrical 
matter  of  the  bodies,  at  which  the  filken  firings 
are  fattened,  would  be  put  into  this  very  mo¬ 
tion.  But  thus  it  would  be  juft  the  fame  thing, 
as  if  a  metal  tube  or  chain,  hanging  at  filken 
firings,  were  touched  by  a  perfon,  not  Handing 
on  a  matter,  which  we  call  of  itfelf  eleCtrical, 
§.  234.  Now  as  by  touch  of  fuch  a  perfon, 
tube  and  chain  cannot  be  electrified;  or  having 
been  before  electrified,  lofe  the  eleCtricity;  fo 
they  would  never  gain  a  degree  of  eleCtricity, 

did 
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did  the  eleCtrical  matter  of  the  filk,  the  glafs, 
the  pitch  and  other  bodies  of  this  fpecies,  refolve 
in  equal  meafure  by  bare  contaCt  of  a  refolved 
eleCtrical  matter.  So  foon  as  a  metal,  hanging 
at  filk  which  is  electrified,  touches  melted  pitch, 
its  electricity  vanifhes  inftantly,  F.  p.  no.  We 
may  eafily  imagine  that  the  eleCtrical  matter  of 
the  pitch  is  as  ftrongly  refolved  by  the  melting, 
as  the  eleCtrical  matter  of  the  metal  by  touching 
a  refolved  eleCtrical  matter. 

§.  247.  The  eleCtrical  matter  of  a  body,  which 
may  be  electrified  no  otherwife  than  by  rubbing, 
has  therefore  either  among  its  parts,  or  with  its 
body  a  far  ftronger  degree  of  cohefion  than  the 
eleCtrical  matter  of  a  body,  which  may  be  elec¬ 
trified  without  rubbing. 


CHAP.  III. 


How  the  electrical  EffeCts  arife. 

1  ■  :  ' 

§.  248.  OO  foon  as  the  eleCtrical  matter  of  a 
body  expands  itfelf;  it  has  a  conatus 
to  fnatch  the  body  along  with  it.  For,  this 
matter  has  a  certain  degree  of  cohefion  there» 
with. 


§•  U9 • 
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§.  249.  If  therefore  the  ele&rical  matter  ex¬ 
pands  itfelf  on  one  fide  of  the  body  ftronger 
than  on  the  other;  and  if  this  elafticity  is  more 
intenfe  than  the  gravity  of  the  body ;  it  will  be 
{hatched  along  by  its  eleCtrical  matter  towards 
the  place,  it  ftreams  out  the  mo  ft  intenfely  to. 

§.  250.  In  this  manner  arifes  the  attraction  of 
an  eafily  moveable  body,  when  fo  nigh  a  body 
not  eafily  moveable,  that  both  eleCtrical  matters 
mutually  touch,  fo  they  expand  themfelves. 
And  let  the  eleCtrical  matter  firft  expand  at  the 
immoveable  body:  That  moment  the  eleCtrical 
matter  of  the  eafily  moveable  body,  by  virtue 
of  its  elafticity,  ftreams  againft  it,  §.  244.  and 
thus  fnatches  it  along  with  it  to  the  immoveable 
body.  And  this  very  thing  muft  happen  to  the 
eafily  moveable  body,  fo  its  eleCtrical  matter 
firft  expands  itfelf.  For,  fo  foon  as  this  hap¬ 
pens,  the  eleCtrical  matter  of  the  moveable  body 
ftreams  againft  it,  §.  244.  and  is  hereby  rarified. 
And  thus  the  eleCtrical  matter  of  the  eafily 
moveable  body  expands  itfelf  towards  the  part, 
from  which  the  eleCtrical  matter  of  the  immove¬ 
able  body  ftreams  againft  it,  ftronger  than  to¬ 
wards  another  part;  and  thus  again  hurries  along 
with  it  the  eafily  moveable  body  towards  the 
immoveable. 

§.  251.  And  if  thus  the  gravity  of  both  bodies 
is  weaker  than  the  force,  with  which  their  elec¬ 
trical 


1 


Of  FLUID  BODIES. 

trical  matter  expands;  both  bodies  will  move 
towards  each  other.  And  thus  it  will  appear«, 
as  if  they  attrabled  each  other  alternately. 

§.  252.  So  the  elebtrical  matter  ftreams  out 
of  one  body,  the  other,  againft  which  it  ftreams 
forth,  acquires  an  impulfe.  If  therefore  both 
bodies  are  eafily  moveable,  and  ftrcam  their 
ele&rical  matters  againft  each  other  with  an 
equal  degree  of  intenfenefs  ;  the  ele&rica]  matter 
of  the  one  forces  the  other  out  of  its  place.  So 
that  both  bodies  remove  from  each  other,  and 
continue  in  that  ftate,  fo  long  as  the  equally  in- 
tenfe  efflux  of  their  eleblrical  matters  are  propa¬ 
gated  againft  each  other.  If  leaf-gold  rolled 
up  together,  hangs  at  a  filken  thread  near  a 
metal  tube,  refting  on  fifteen  firings,  to  which 
the  eleblricity  is  communicated;  it  will  be  driven 
firft  to  the  tube,  and  then  again  from  it.  The 
firft  happens,  as  the  eleblrical  matter  of  the  un- 
eledtrified  leaf-gold  is  in  the  firft  inftant,  in 
which  the  metal  tube  acquires  the  eleblricity, 

denfer  than  the  electrical  matter  of  the  eleblrified 

/ 

tube.  For,  thus  the  denfer  matter  of  the  leaf- 
gold  expands  itfelf  towards  the  tube,  at  which 
the  eleblrical  matter  is  rarer;  and  thus  hurries 
off  along  with  it  the  leaf-gold  to  the  tube.  But 
fo  foon  as  it  touches  the  tube,  the  .eleblrical  mat¬ 
ter  of  this  laft  will  be  as  intenfely  expanded  and 
ratified,  as  the  eleblrical  matter  of  the  tube  reft- 
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ing  on  the  filken  firings ;  as  the  leaf-gold  hangs 
at  a  filken  thread,  and  therefore  acquires  as  little 
accefiion  of  new  electrical  matter  from  the  air  as 
the  metal  tube.  So  that  the  electrical  matters 
of  the  leaf-gold  and  tube  ftream  with  equal  in- 
tenfenefs  againft  each  other.  Now  fo  the  gra^ 
vity  of  the  leaf-gold  be  weaker  than  the  elafti- 
city  of  the  eleCtrical  matter  fireaming  from  the 
tube;  the  leaf-gold  will  be  driven  fo  far,  as  the 
violence  of  the  ftream  can  carry  it.  From  this 
very  reaibn  a  whole  number  of  grated  bits  of 
leaf-gold,  lying  llrewed  on  a  furface  fome  ells 
in  length,  rifes  at  once  therefrom  into  the  air, 
fo  foon  as  the  electricity  is  communicated  to  the 
furface. 

§.  253.  The  luminous  lines,  in  which  the 
electrical  matter  ftreams  forth,  confift  of  fmall 
particles.  Each  exhibits  a  luminous  point. 
Thefe  points  are  feparated  from  each  other  by 
fmall  interitices.  One  point  follows  another 
with  a  great  degree  of  quicknefs.  They  proceed 
in  oppofition  to  each  other  from  the  eleCtrified 
and  uneleCtrified  body,  and  from  one  body  to 
another,  F.  §.31.  By  thefe  motions  the  parts 
of  the  light  or  scther  between  both  bodies  are 
pufhed  and  prefifed  together.  As  the  eledtrical 
points  are  feparated  from  each  other,  and  each 
moves  from  one  place  to  another  with  the  high- 
eft  degree  of  quicknels ;  the  ccrnprefied  particles 
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of  light  again  expand  themfelves.  And  as  thus 
the  particles  of  light  are  now  denfer,  again  rarer, 
from  the  eiedlrical  particles  going  in  a  conftanc 
alternation  from  the  eledlrified  body  towards  the 
uneledlrified,  and  from  this  again  to  that,  it  is 
thus  the  light  arifes,  §.  211.  215. 

§•  254-  If  two  bodies  are  eledlrified  equally 
ftrong,  their  eiedlrical  matters  are  ratified  and 
expanded  in  an  equal  degree,  §.  245.  So  that 
they  fail  of  the  motion,  by  which  they  go  alter¬ 
nately  from  one  to  the  other.  And  in  this  ftate 
they  can  thus  excite  no  light. 

§•  255-  II  the  eiedlrical  matters  have  fc  ex¬ 
panded  themfelves  from  the  eledlrified  and  ua- 
eledtrified  body,  and  fo  colledted  themfelves  in 
the  fpace  between  them,  that  the  eiedlrical  mat¬ 
ter  ftili  remaining  at  the  furfaces  of  both  bodies 
Is  rarer;  fo  by  virtue  of  the  elailicity,  §.  244. 
one  part  of  the  collected  matter  mull  go  towards 
the  eledlrified,  and  one  towards  the  uneledlrified 
body.  In  this  manner  the  eiedlrical  fpark  di¬ 
vides  itfelf  and  vanilhes. 

§.  256.  How  in  the  time  it  feparates,  a  crack¬ 
ling,  or  alfo,  on  exciting  the  eiedlrical  force  in 
Mufchenbroeck' s  manner,  a  fnap  arifes;  we  fhall 
explain  under  the  dodtrine  of  found. 

§.  257.  The  ftronger  the  eiedlrical  matter  of 
a  body  relling  on  filk  or  glafs  is  refolved  and 
expanded;  the  snore  plentifully  may  the  eleclri- 
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cal  matter  of  an  uneleCtrified  body  force  by  its 
elafticity  againft  the  electrified.  This  happens, 
on  electrifying  water  in  glafs  veflfels,  which  again 
Hand  in  water.  For,  though  glafs  ranks  among 
bodies,  which  may  be  electrified  by  rubbing; 
yet  its  eleCtrical  matter  is  alfo  in  fome  meafure 
refolved  by  the  eleCtricity  of  the  water  Handing 
in  the  glafs  flafk.  Experience  teaches  this,  from 
eleCtrical  motions  being  perceived  on  the  fkin, 
and  a  whizzing  being  heard,  on  holding  a  hand 
towards  a  glafs  flafk,  in  which  the  water  has 
been  ftrongly  electrified.  If  therefore  fuch  a 
flafk  is  encompafled  with  water  and  metals ;  the 
eleCtrical  matter  forces  plentifully  out  of  thefe 
uneleCtrified  bodies  into  the  glafs  of  the  flafk, 
and  confequently  into  the  matter  contained 
therein.  And  if  thus  you  go  on  more  and  more 
to  refolve  the  eleCtrical  matter  of  the  water  in 
the  flafk  by  means  of  a  glafs  globe  rubbed  by 
turning;  this  encreafed  eleCtrical  matter  expands 
with  Hill  greater  violence.  And  thus  if  a  per- 
fon,  that  with  the  one  hand  touches  the  veflel, 
in  which  the  glafs  flafk  Hands,  approaches  the 
wire  Huck  therein  with  a  finger  of  the  other 
hand ;  there  muH  needs  arife  a  Hrong  eleCtrical 
fiream  between  the  finger  and  the  wire. 
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PART  VII. 

Of  the  M  AGNETICAL  MATTER, 

, 


C  H  A  P.  I. 


Of  the  Divifion  of  the  Phenomena  of  the 

Magnet. 

§.258.  HE  magnet  is  a  ftone,  which  as 


well  attracts  iron,  as  it  is  again  at» 


tracted  by  iron,  and  in  contact  coheres  there- 
with.  This  effedt,  indeed,  manifefts  itfelf  ail 
over  the  magnet;  but  with  peculiar  intenfenefs 
at  fome  points  only,  as  at  which  iron-filings  ad¬ 
here  in  greatefl  plenty.  If  the  magnet  hangs 
free  at  a  thread,  it  winds  and  turns,  till  the  one 
point  is  diredted  towards  north,  and  the  other 
towards  fouth.  And  hence  thefe  points  are 
called  its  poles .  The  right  line,  which  we  may 
conceive  drawn  through  thefe  poles,  is  called  its 
axis;  and  the  plane,  by  which  the  axis  is  cut  at 
right  angles,  its  equator ;  and  each  feveral  line, 
that  may  be  drawn  on  its  furface  from  one  pole 
to  the  other,  a  meridian . 
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§.  259.  If  a  magnet  is  armed,  or  enafed, 
its  effed:  proves  ftronger.  The  arming  is  per¬ 
formed  as  follows:  The  magnet  is  ground  down 
at  both  the  poles,  which  (land  mutually  oppo- 
lite;  and  on  the  Tides  at  which  the  poles  are,  fo 
laid  with  plates  of  foft  iron,  as  to  form,  as  much 
as  may  be,  right  angles  with  the  axis  of  the 
magnet.  To  each  plate  is  a  fmooth  cubical  foot, 
called  the  foot  of  armature ,  as  alfo  the  artificial 
fole\  as  the  natural  poles  manifeft  their  effed:  by 
thefe. 

\  §.  260.  So  foon  as  iron  is  rubbed  on  a  mag¬ 

net,  it  is  fitted  to  ad:  in  the  manner  of  the  mag¬ 
net  itfelf :  And  hence  arofe  the  magnetical 
needle.  It  is  prepared  of  fteel,  is  oblong,  (lender 
and  narrow,  with  a  fmall  brafs  hood,  excavated 
of  a  conical  form.  In  the  point  of  this  exca¬ 
vation  it  is  divided  into  two  equally  heavy 
halves,  and  refts  on  a  metal  point.  In  order  to 
communicate  the  magnetick  force  thereto,  it  is 
laid  on  a  wooden  table,  and  a  pole  of  an  armed 
magnet  fet  on  its  middle,  and  (lowly  conveyed 
on  it  quite  to  its  point.  This  is  repeated  a 
number  of  times.  But  you  mull:  not  carry  back 
the  magnet  on  this  half 5  as  the  force  arifen 
again  ceafes  thereby.  You  therefore  bring  again 
the  magnet  on  the  middle  of  the  needle  by  tak¬ 
ing  a  round  about  way,  fetting  thereon  the  fame 
pole  with  which  you  touched  at  firft,.  and  earry- 
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ing  it  again  along  the  touched  half  to  the  end. 
If  the  carried  pole  of  the  magnet  is  the  fouth, 
the  touched  half  of  the  needle  turns  north.  And 
in  order  to  make  the  other  half  magnetical  alfo, 
you  touch  it  with  the  north  pole  of  the  magnet, 
carrying  it  in  like  manner  from  the  middle  to 
the  other  end. 

§.  261.  The  phenomena,  by  which  the  mag¬ 
net  aftonilhes  its  beholders,  confift  partly  in  its 
direction,  and  that  of  the  magnetick  needle  to. 
wards  a  certain  point  of  the  earth  and  heavens: 
partly*  in  attracting,  and  repelling,  and  partly 
in  communicating  the  magnetick  virtue.  All 
which  manifeft  themfelves  by  manifold  circum- 
fiances,  as  the  remarkable  experiments  fhew, 
publifhed  by  Mufchenbroeck  in  his  long  diflerta- 
tion  de  Magnete ,  and  by  baron  Wolfius  in  his  Ex- 
ferments ,  P.  111.  c.  5. 


Of  the  Magnetick  Matter. 

/ 

§,262.  AT  the  poles  of  a  magnet  is  an  invi- 
LjL  fible  matter,  which  is  in  conflant 
motion.  For,  if  at  a  certain  diftance  from  an 
armed  magnet  two  iron  keys  are  fo  held,  that 
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one  Rands  with  its  ring  over  the  ring  of  the 
other  and  touches  it;  and  fo  the  under  key  either 
remains  hanging  at  the  upper,  or  at  leaR  as  to 
the  touch  manifeRs  a  conatus  to  cohere.  Irr 
particlar  the  cohefion  fhews  itfelf,  when  the  feet 
of  the  magnet  have  an  horizontal  pofition,  and 
the  keys  are  in  the  manner  of  Rg.  5.  Plate  V. 
fo  held  together,  that  the  ring  of  the  under  is 
raifed  fomewhat  over  the  under  foot  of  the  mag¬ 
net.  If  the  upper  key  hangs  at  the  one  end  of 
a  balance,  and  at  the  other  a  body  of  equal 
weight;  it  finks  down  with  the  arm,  on  ap¬ 
proaching  thereto  the  under  key.  None  of 
which  appearances  would  be  obfervable,  were 
there  no  matter  about  the  magnet,  that  aded  on 
the  keys.  For,  the  magnet  is  touched  by  them 
in  no  part.  Should  this  cohefion  arife  without 
the  force  of  a  certain  matter,  the  keys  muR  unite 
in  the  neighbourhood  of  any  other  body.  This 
ijivifible  matter,  which  is  about  the  magnet* 
may  be  called  the  magnetic  aL 

On  throwing  iron  filings  on  paper,  and  draw¬ 
ing  along  a  magnet  under  the  paper,  different 
vortices  or  circles  appear.  This  method  Be  la 
Hire  ufed,  in  order  to  exhibit  the  effeds  of  the 
magnet.  In  Mufchenbroeck* s  difiertation  on  the 
magnet,  you  find  Plate  III  and  IV  feven  figures, 
that  reprefen t  the  courfe  of  the  magnetick  ftream 
according  to  various  circumfiances.  Thefe  ex¬ 
periences 
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periences  gave  oeeafion  to  M.  Bazin ,  member 
of  the  academy  of  Belles  Lettres  at  Rochelle ,  and 
correfpondent  of  the  royal  academy  at  Paris ,  by 
new  experiments  to  bring  the  magnetick  matter 
to  exhibit  to  our  eyes  its  courfe,  and  all  its  dif¬ 
ferent  windings  by  certain  figns,  that  were  plain 
and  diftinguifhable,  His  attempt  was  crowned 
with  the  defired  fuccefs.  He  caufed  to  be  made 
a  number  of  fmall  fteel  plates  of  regular  figures; 
fome  of  which  were  a  half,  others  a  whole  line, 
and  others  again  two  lines  thick.  Thefe  plates, 
made  magnetical,  he  laid  on  the  table,  gave 
them  what  pofition  he  would,  laid  over  them  a 
piece  of  white  paper,  and  flrewed  thereon  fine 
Heel  or  iron  filings.  And  in  order  to  ftrew  it 
more  regularly,  he  let  them  fall  through  a  fine 
filken  fearce.  So  foon  as  this  dull  falls,  we  ob~ 
ferve,  how,  as  it  were  naturally,  it  difpofes  itfelf 
in  a  certain  order.  But  in  order  to  take  the 
form,  which  the  magnetick  ftrearn  may  give  it, 
duly  perfed;,  you  ftrike  foftly  with  a  key  below 
on  the  table»  Thefe  final  1  blows  caufe  the  light 
particles  of  iron  to  fpring  up,  and  mount  in  the 
air,  in  which  they  are  the  eafier  taken  and  pufiied 
by  the  magnetick  ft  ream,  and  laid  in  a  fituation 
adapted  to  its  effedh  The  defcription  and  re- 
prefentation  of  the  magnetick  ftreams,  which 
M.  Bazin  publifhed,  may  be  feen  in  the  Ham¬ 
burgh  Magazine,  T.  12. 
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§.  263.  The  magnetick  matter  is  fluid,  and 
more  fubtle  than  air.  For  a  magnet  may  be 
either  fhut  up  in  a  veflel  of  metal,  as  for  in- 
ftance,  brafs,  which  is  run  clofe,  or  hung  under 
a  glals  bell,  and  the  fpace  under  it  exhaufted  of 
air;  and  in  both  cafes  an  untouched  needle  of 
iron  moves  towards  the  magnet  when  hanging 
at  a  thread  externally  near  the  veflel  and  bell. 
From  this  it  appears,  that  glafs  and  metal  are 
penetrated  by  the  magnetick  matter.  And  thus 
it  is  finer  or  more  fubtle  than  air.  By  the  fixt 
or  more  folid  parts  of  the  metal  and  glafs, 
which  of  themfeives  are  impenetrable,  the  parts 
of  the  magnetick  matter  are  feparated  afunder. 
Whereas  by  the  fmail  interftices  between  the  fo¬ 
lid  part's,  the  parts  of  the  magnetick  matter 
unite  together.  In  thefe  properties  confifts  the 
fluidity,  §.  49. 

As  the  effed  of  the  magnet  arifes  as  ftrong 
and  as  quick  through  metal  and  brafs,  as  when 
the  fpace  between  the  needle  and  magnet  is  filled 
with  air  only ;  it  appears  impoflible  to  fome  na¬ 
tural  iff  s,  that  the  magnet  fhould  be  encompafled 
with  a  matter,  confifting  of  fuch  fine  and  fubtle 
parts.  This  appearance  of  impoflibility  is  height¬ 
ened  by  the  two  following  experiments :  You  fet 
a  touched  needle  under  a  glafs  bell,  which  you 
exhauft  of  air.  Without  the  bell  you  place  a 
magnet,  by  whofe  action  the  needle  is  brought 
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out  of  its  meridian.  Between  it  and  the  bell  you 
fire  fpirits  of  wine  in  a  brafs  vefiel.  Be  its  fire 
never  fo  ftrong,  the  needle  remains  unmoved  in 
the  pofition  which  at  firft  it  gained  by  the  pre¬ 
fence  of  the  magnet.  In  like  manner  it  retains 
its  pofition,  whether  you  produce  a  wind  either 
by  a  pair  of  bellows,  or  by  compreffed  air,  either 
from  a  copper  fphere,  or  wind-gun,  between  the 
bell  and  the  magnet. 

It  is  therefore  concluded,  that  neither  the 
ftrength  of  wind,  nor  the  violence  of  fire,  nor 
the  denfity  of  bodies  obftrudls  the  force,  with 
which  the  magnet  adls  on  iron.  And  thus  the 
magnet  cannot  exert  its  effedl  by  means  of  any 
fubtle  matter.  But  if  this  confequence  be  ad¬ 
mitted,  aeither  can  we  afcribe  any  eledlrical 
matter  to  eledlrified  bodies.  If  a  bar  of  iron 
hangs  at  filken  firings,  and  is  eledlrified,  its 
eledlricity  fhews  itfelf  even  in  the  ftrongefl  wind. 

Let  two  iron  hooks  hang  down  at  filken  firings, 
in  which  place  a  glowing  iron  bar,  and  commu¬ 
nicate  the  eledlricity  to  it;  and  the  bar  in  the 
ftrongefl  glow  will  yield  as  well  eledlrical  fparks, 
as  alfo  put  into  a  frifking  motion  underlaid 
grains  of  fand  and  leaf- gold.  Let  a  candleftick, 
on  which  a  candle  burns,  be  eledlrified,  and 
place  a  body  on  filken  firings  at  the  diftance  of 
an  ell  and  more  from  it,  and  yet  the  body  will 
take  the  eledlricity.  Let  the  fpace  under  a  glafs 
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bell  be  never  fo  well  exhaufted,  leaf-gold,  lying 
on  a  fmall  Hand  under  it,  begin  iiiftandy  to  frifk, 
fo  foon  as  an  electrified  body  approaches  from 
without  the  bell,  without  touching  it.  Neither 
the  motion  of  air,  nor  the  ftrength  of  fire,  nor 
the  denfity  of  glafs  obftruCts  therefore  the  force. 
With  which  an  electrified  body  aCts  on  one  un- 
eleCtrified.  But  how  fhould  it  thence  follow, 
that  an  eleCtrified  body  exerts  its  effeCt  by  no 
fubtle  matter? 

§.  264.  The  maghetick  matter,  which  moves 
at  the  pole  of  a  magnet,  goes  not  to  the  cogno¬ 
mina!  pole,  or  of  the  fame  name,  of  the  other/ 
For,  if  a  magnet  hanging  at  the  arm  of  a  ba¬ 
lance  be  in  squilibrio  with  a  body  hanging  at 
the  other  arm ;  it  rifes  up,  fo  foon  as  a  pole  of 
the  fame  name  of  another  magnet  is  brought 
under  one  of  its  poles,  without  the  poles  touch¬ 
ing  each  other.  And  hence  the  poles  of  the 
fame  name  are  called  the  jarring  and  contrary 
poles.  A  needle,  which  hangs  flraight  down  at 
a  pole,  removes  from  it  on  the  approach  of  a 
pole  of  the  fame  name,  and  raifes  itfelf,  remain¬ 
ing  in  this  oblique  pofition,  fo  long  as  the  cog- 
nominal  pole  is  left  near  it. 

§.  265.  So  that  each  magnet  is  provided  with 
magnetick  matter,  ftreaming  from  one  pole  to 
the  other.  For,  on  laying  and  preßing  an  iron 
needle  untouched  on  the  equator  of  a  magnet  j 
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it  turns,  the  moment  you  remove  the  finger,  into 
the  meridian,  and  remains  lying  therein.  And 
this  very  thing  happens,  on  laying  on  the  mag¬ 
net  a  fmooth  plate  of  brafs  or  filver,  and  on  that 
the  needle. 

§.  266.  But  it  ftreams  out  of  one  pole,  and  in 
into  the  other.  For,  if  a  magnet  hangs  in  aequi- 
librio  at  a  balance,  it  finks  down  with  the  arm, 
at  which  it  hangs,  on  bringing  an  immoveable 
magnet  fo  under  it,  that  the  uncognominal  poles 
or  poles  of  different  names,  fhall  Hand  oppofite 
to  each  other  *  and  at  length  it  unites  with  the 
immoveable  magnet,  if  the  fpace  between  both 
is  not  quite  too  great.  If  the  immoveable  mag¬ 
net  is  hung  at  the  arm,  and  that,  before  move- 
able,  removed,  and  held  under  the  appended  one 
with  the  pole  of  a  different  name;  the  appended 
in  like  manner  finks  down  and  unites  with  the 
under,  fo  the  intermediate  fpace  is  no  hindrance. 

t  % 

And  hence  the  incognominal  poles  are  called 
the  agreeing  and  friendly .  Now  if  the  matters 
ftreamed  from  both  incognominal  poles  in  fuch 
a  manner  again  ft  each  other,  as  that  neither  the 
matter  at  the  north  pole  of  the  one  could  pene¬ 
trate  into  the  fouth  pole  of  the  other;  nor  the 
matter  at  the  fouth  pole  of  the  one  into  the 
north  pole  of  the  other;  the  incognominal  poles 
muff  as  well  remove  from  each  other,  juft  as 
the  cognominal  do,  §.  264.  In  like  manner 
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neither  might  approach  either,  if  from  neither 
the  matter  ftreamed  forth. 


CHAP.  III. 

The  Phenomena  of  the  Magnet  explained. 

§.  267.  AS  the  magnetick  matter  puts  iron 
JLX.  and  load-ftone  only  in  motion, 
whereas  all  other  bodies  known  to  us  force 
through  unhindered ;  the  void  and  invifible  in¬ 
terlaces  in  the  iron  and  load-ftone  muft  be  fo 
ordered,  that  the  magnetick  matter  has  feme 
obftructions  to  remove  in  the  palTage.  We  may 
with  profeifor  Euler  in  his  Nova  theoria  Magnetis , 
reprefent  to  ourfelves,  as  if  in  the  magnet  or 
iron  on  the  Tides,  between  which  there  is  fuch  a 
cavity,  certain  tender  and  flexible  particles  pro¬ 
jecting  therein,  and  touching  each  other  at  an 
oblique  angle.  A  row  of  fuch  cavities,  following 
each  other  in  a  line,  and  over-run  with  fuch 
particles  or  ramuli,  profeifor  Euler  with  Def- 
cartes ,  who  in  his  Principia  Philofophi# ,  P.  IV. 
§.  133.  feqq.  paved  the  way  for  an  intelligible 
explication  of  the  magnetick  phenomena,  calls  a 
magnetick  meatus  or  pajfage.  A  reprefentation  of 
fuch  a  paifage,  fig.  6.  Plate  V.  gives.  From  A 
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to  B  the  magnetick  matter  indeed,  has,  fome 
force  to  apply,  for  the  tender  ramuli  or  fila¬ 
ments  to  be  forced  fide  ways ;  but  yet  can  force 
quite  through.  On  the  contrary,  from  B  to  A 
their  pafifage  is  blocked  up,  as  the  filaments,  by 
the  conatus  of  the  magnetick  matter,  are  prefied 
againft  each  other.  This  difpofition  of  the 
magnetick  paflages  is  far  more  inartificial  or 
fimple  than  the  configuration,  which  Defcartes 
allots  them;  as  he  reprefents  them  as  fo  many 
fpirals.  Alfo  according  to  Euler’s  difpofition 
there  is  no  reafon  with  Defcartes  to  imagine  the 
particles  of  the  magnetick  matter  as  fo  many 
fmall  fpirals. 

2 68,  Let  therefore  two  poles  of  unlike 
names,  as  B  and  A,  be  brought  together,  and 
put  the  cafe,  that  the  magnetick  matter  ftreams 
forth  out  of  B.  Thus  it  may  force  into  the  in- 
cognominal  pole  A,  and  move  quite  through  to 
B.  But  fuppofe  BA  hangs  at  a  balance,  fig.  7. 
Plate  V.  and  AB  lies  immoveable  on  a  fmall 
ftand  under  BA.  Now  as  the  magnetick  mat¬ 
ter  from  B  ftreams  into  A,  A  therefore  will  de¬ 
fend  to  B,  and  unite  with  B  ?  Let  B  A  hang 
at  the  balance,  and  invert  AB,  fig.  8.  Plate  V. 
So  that  the  pole  A,  at  which  the  matter  flows 
in,  is  obverted  to  the  cognominal  pole  A,  at 
which  the  matter  in  like  manner  forces  in. 
Will  therefore  one  pole  repel  the  other  from  it. 
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as  the  matter  dreams  in  into  one  pole  ?  So  that 
without  fide  the  magnets*  there  muß:  be  Ml 
fomething,  which  by  its  force  can  as  well  unite 
two  magnets  with*  as  alfo  feparate  them  from 
each  other,  fo  the  rnagnetick  matter  goes  either 
out  of  one  pole  into  the  other,  or  from  none  into 
the  other* 

§.  260.  As  the  magnet  as  well  as  the  magne- 
tick  needle  directs  itfelf  towards  a  certain  point 
of  the  earth  and  heavens  $  there  muft  be  a  cer¬ 
tain  matter  in  and  above  the  earth*  by  whofe 
motion  the  magnet  and  rnagnetick  needle  gain 
their  direction.  This  matter  may  be  of  the  fame 
fpecies  with  the  rnagnetick*  Only  we  are  to  en¬ 
quire  into  the  nature  of  its  force  and  motion* 
in  order  to  produce  the  faid  direction.  Gilbert 
in  his  firft  book  de  magnet e  appropriates  to  the 
earth  the  properties  of  the  magnet*  and  there¬ 
fore  with  the  view  of  rendring  his  opinion  the 
more  diftindl*  caufed  to  grind  a  magnet*  round 
like  a  globe*  and  called  it  a  terrella *  or  little 
earth*  Defcartes ,  therefore,  who  held  Gilbert  for 
the  principal  enquirer  into  the  rnagnetick  virtue 
in  his  time*  lets  his  fpiral  particles  of  the  mag- 
netick  matter  dream  out  of  the  north-pole*  quite 
round  the  earth,  and  in  at  the  fouth-pole*  and 
through  the  middle  of  the  earth  out  again  at  the 
north-pole:  In  like  manner  out  of  the  fouth- 
pole*  and  quite  round  the  earth*  and  in  at  the 
3  north- 
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north-pole,  and  quite  through  the  middle  of  the 
earth*  out  again  at  the  fouth-pole.  Neither  the 
magnetick  paffages,  nor  the  magnetick  particles 
are  in  his  explication  of  one  and  the  fame  fi¬ 
gure.  Neither  the  particles,  which  come  from 
the  north  pole,  can  force  into  the  paffages,  out 
of  which  the  particles  at  the  fouth-pole  ftream 
forth*,  nor  thefe  laft  into  the  paffages,  out  of 
which  the  particles  at  the  north-pole  flow  forth, 
on  account  of  their  figure. 

§.  270.  Thele  thoughts  profeffor  Euler  has 
carried  farther,  but  explained  the  whole  affair  in 
a  concifer  manner.  The  magnetick  paffages  in 
the  earth  are,  according  to  his  theory,  all  of  one 
and  the  fame  configuration.  Into  the  pole, 
from  which  the  matter  ft  reams  forth,  there  is  no 
influx,  and  no  efflux  from  the  pole,  at  which 
the  matter  ftreams  in.  The  magnetick  matter 
in  and  above  the  earth  is  elaftick.  Suppofe  one 
magnetick  pole  to  be  at  A,  fig.  9.  Plate  Y.  the 
other  at  B,  and  the  magnetick  paffages  to  rim 
from  A  to  B,  and  thofe  in  the  earth  £0  be  at 
firft  void  of  magnetick  matter.  The  magnetick 
matter,  which  enconipaifed  the  earth,  took  its 
way  therefore  by  means  of  its  fpring  with  vio¬ 
lence  into  the  magnetick  paffages  of  the  earth 
at  A.  For,  as  the  ramuli  and  filaments  of  the 

c  ß 

paffages  are  fo  difpofed,  that  no  magnetick  mat¬ 
ter  can  force  into  them  at  B,  there  came  from. 
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B  to  A  nothing  againft  the  matter  forcing  in  at 
A,  which  could  with  equal  power  withftand  its 
motion.  And  therefore  the  matter  forced  in 
mult  burft  out  at  B.  In  the  burfting  out  it  met 
with  a  ftrong  refinance  in  the  external  matter^ 
and  was  thus  beat  back  in  the  manner  the  wind 
is,  which  ftrikes  on  an  immoveable  body.  In 
The  paflages  from  B  to  A  it  could  not  go  back, 
partly  on  account  of  their  ftrudture  according 
to  fig.  6.  partly  on  account  of  the  following 
matter.  On  both  fides  the  refinance  of  the  ex¬ 
ternal  magnetick  matter  was  weaker  than  in 
the  part  of  the  eruption  at  B.  For,  as  the 
matter  forced  in  at  A;  fo  the  matter,  on  both 
Tides  by  virtue  of  its  elafhicity  muft  expand  into 
the  fpace,  which  the  matter  at  the  part  at  A 
left.  And  thus  the  matter  burfting  forth  out  of 
B  fhared  itfelf  out  towards  the  fides  C  and  D, 
and  went  on  in  curved  ftreams  to  A,  and  there 
again  had  its  influx.  And  thus  as  the  preceed- 
ing  matter  never  reftrained  the  following,  and 
the  external  at  B  always  made  the  greateft  re- 
liftance;  fo  the  magnetick  matter  muft  whirl  in 
never  ceafing  ftreams  round  the  earth  out  of  one 
magnetick  pole  into  the  other,  and  flioot  into 
the  magnetick  paftages  through  the  earth  with 
a  great  degree  of  quicknefs.  It  is  eafy  to  ima¬ 
gine,  that  the  external  magnetick  matter  never 
remains  in  the  fame  ftate.  There  muft,  furely, 
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From  the  nature  of  elaftick  matters  in  motion, 
fome  parts  of  the  effluent  matter  mix  therewith, 
and  again  from  the  external  fome  particles  force 
into  the  effluent,  and  proceed  on  with  its  vortex 
or  eddy.  The  parts  of  this  magnetick  eddy 
Euler  holds  for  the  fubtleft  fubftance  of  the  as- 
ther.  But  whether  the  magnetick  matter  confifts 
of  the  fubtleft  particles  of  aether  or  no ;  yet  from 
the  elaftick  force,  and  the  vortical  motion  of  a 
matter,  which  comes  near  to  aether  in  fubtlety, 
and  from  the  defcribed  magnetick  p adages  as 
well  in  the  earth,  as  in  fingle  magnets  and  iron, 
the  magnetick  phasnomena  may  be  explained  in 
an  eafy,  intelligible  manner. 

271.  As  the  magnets,  which  we  find  on  the 
earth,  after  the  nature  of  this  great  magnet  have 
magnetick  paftages,  §.  267:  So  the  magnetick 
matter  muft  ftream  into  them  at  one  pole,  and 
out  of  them  at  the  other,  and  for  the  very  fame 
reafon,  from  which  it  whirls  round  the  earth, 
form  a  vortex  about  them. 

§.272.  If  the  magnetick  paftages  in  a  magnet 
run  in  parallel  and  right  lines  from  one  end  to 
the  other;  the  magnet  is  called  fimple ,  and  thus 
has  two  poles  only.  But  if  the  magnetick  paf- 
fages  lie  in  any  other  difpofition,  the  magnet  is 
called  compound  and  anomalous .  And  fo  a  mag¬ 
net  may  have  three  poles ;  if,  for  inftance,  the 

paftages  which  unite  in  the  pole  A,  fig.  10. 
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Plate  V.  run  in  diverging  pofitions  to  the  poles 
B  and  b.  Either  of  B  and  b  is  ftronger  than  the 
other,  if  more  magnetick  paffages  come  together 
in  it,  than  in  the  other.  As  the  matter,  which 
goes  through  both  magnets,  has  one  and  the 
fame  nature,  and  its  motion  in  the  compound  is 
only  manifold;  fo  in  the  prefent  enquiry  we 
have  principally  to  confider  the  fimple. 

§.  273.  The  cavife  of  the  diredtion,  when  the 
magnet  turns  to  a  certain  point  of  the  earth,  is 
to  be  fought  for  partly  in  its  magnetick  paffages, 
partly  in  the  elaftiek  force  and  motion  of  the 
magnetick  and  whirling  matters  round  the  earth. 
Imagine  a  fingle  magnetick  paffage  in  the  earth’s 
vortex  to  have  the  free  pofition  AB,  fig.  11. 
Plate  V.  and  the  whirling  matter  to  flream  along 
the  line  AC,  which  forms  an  angle  with  AB. 
Were  the  magnetick  matter  in  a  ftate  of  reft,  it 
would  by  virtue  of  its  elafticity,  force  into  the 
paffage  AB,  and  confequently  acquire  a  certain 
degree  of  motion.  But  as  without  the  elafticity 
it  already  ftreams  towards  AC,  fo  a  compound 
motion  arifes,  whereby  the  paffage  is  made  in 
the  diagonal  AD,  §.  13.  As  the  matter  in  the 
earth’s  vortex  conflantly  ftreams  to  AC;  fo  by 
this  force  and  the  elafticity,  wherewith  the  mat¬ 
ter  forces  into  the  paffage  AD,  again  a  com¬ 
pound  motion  in  a  diagonal  will  be  produced, 
which  forms  with  AC  an  angle  füll  lefs  than 
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the  angle  DAC.  So  that  at  laft  the  paffage 
comes  into  the  line  A  C,  and  has  thus  one  and 
the  fame  direction  with  the  magnetick  matter  of 
the  earth.  If  the  magnetick  paffage  lies  at  firft 
in  the  line  AC,  in  which  the  magnetick  matter 
Itreams  forth;  it  continues  in  this  pofition,  fo 
another  and  greater  force  drive  it  not  out. 

§.  274.  If  the  magnet  is  anomalous,  and  has 
more  than  two  poles;  the  magnet  will  come 
into  fuch  a  pofition,  in  which  the  forces,  aCting 
towards  different  points,  are  in  aequilibrio. 

§.  275.  A  magnetick  needle  in  the  fame  man» 
ner  as  the  magnet  maintains  a  pofition  towards 
a  certain  point  of  the  earth.  And  thus  in  like 
manner  it  muft  have  magnetick  paffages,  which 
correfpond  with  thofe  in  the  magnet.  'We  may 
therefore  confider  the  magnetick  needle  as  a 
fimple  magnet;  and  in  the  enquiries  made  to 
explain  the  magnetick  phenomena,  ufe  the 
magnetick  needle  inftead  of  the  magnet. 

§.  276.  If  in  the  earth  there  were  only  two 
magnetick  poles,  diametrically  oppofite  to  each 
other;  we  might  in  general  affirm,  of  the  di¬ 
rection  of  the  magnetick  needle  what  follows. 

From  the  pole  B,  fig.  9.  Plate  Y.  the  magnetick 
matter  may  ftream  out,  and  in  at  the  pole  A ; 
and  B  may  be  the  north,  and  A  the  fouth  pole; 
though  in  confideration,  that  the  attraction  and 
repulfion  manifeft  themfelves  at  both  poles,  it 
Vol.I,  Y  -  can- 
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cannot  be  made  out,  whether  we  are  to  afcribe 
the  efflux  to  the  north  or  the  fouth  pole.  Fur¬ 
ther,  take  a  magnetick  needle  ab ,  in  which  the 
pole  a  gives  inlet,  and  the  pole  b  outlet  to  the 
magnetick  matter.  Be  the  magnetick  needle 
therefore  in  the  earth’s  magnetick  vortex  where 
it  will  ;  its  abforbing  pole  a  will  be  directed  to¬ 
wards  the  earth’s  magnetick  north  pole  B,  out 
of  which  the  matter  dreams  forth;  and  the 
needle’s  dreaming  pole  b,  towards  the  earth’s 
magnetick  fouth  pole  A,  which  takes  in  the 
matter,  §.  2 66.  At  both  magnetick  poles  of 
the  earth,  therefore,  the  needle  mud  dand  verti¬ 
cal,  fo  that  through  the  poles  of  the  needle  and 
magnetick  poles  of  the  earth  a  right  line  might 
be  drawn,  or  the  line  drawn  through  the  poles 
of  the  needle  might  pafs  through  its  axis.  For, 
the  matter  dreaming  forth  out  of  by  will  be 
prefied  equally  drong  to  both  fides  by  the  mag¬ 
netick  matter,  which  encompaffes  the  earth. 
The  places  C  and  D  may  be  equi-didant  from 
the  magnetick  poles  B  and  A  or  180  degrees, 
and  thus  in  the  magnetick  tequator.  The  right 
line,  which  may  be  drrm  n  through  both  thefe 
points,  is  the  magnetick  diameter  of  the  earth. 
If  therefore  the  needle  dands  vertical  on  B;  the 
line,  which  from  its  poles  b  and  a  paffes  through 
the  magnetick  axis  of  the  earth,  forms  with  the 
liatneter  right  angles.  If  the  needle  is  in  a 
4  certaijj. 
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certain  diftance  from  the  pole  B,  the  lines  which 
may  be  drawn  through  it,  forms  with  the  mag- 
netick  axis  an  oblique  angle,  which  is  always 
greater,  the  nigher  the  needle  is  to  the  point  C. 
And  thus  in  C  the  line,  which  may  be  drawn 
through  the  needle,  goes  through  the  magnetick 
diameter  of  the  earth.  The  equator,  in  which 
are  the  points  C  and  D,  exhibits  at  the  fame 
time*the  horizon,  on  confidering  the  magnetick 
pole  B  as  the  zenith.  In  the  places  C  and  D 
therefore,  the  needle  Hands  horizontal.  From 
the  places  C  and  D  to  the  pole  B,  the  needle  in¬ 
clines  to  the  horizon«  This  angle  is  ever  greater, 
the  nigher  the  needle  comes  to  the  pole  B.  For, 
this  angle  of  inclination  of  the  magnetick  matter 
increafes  with  its  greater  proximity  at  the  pole 
B  to  the  horizon.  And  this  very  thing  happens 
to  the  magnetick  matter,  and  confequently  alfo 
to  the  needle  in  the  places  from  C  and  D  to  the 
pole  A.  The  horizon,  in  which  the  points  C 
and  D  are,  is  the  true  horizon.  As  well  in  the 
north  hemifphere  between  C  and  B,  as  alfo  in 
the  fouth  hemifphere  between  C  and  A,  we  may 
every  where  between  C  and  B,  and  between  C 
and  A  reprefent  to  ourfelves  a  vifible  horizon. 
And  thus  on  the  north  hemifphere,  the  needle 
with  its  pole  a,  which  is  directed  to  the  north 
pole  B,  is  depreßed,  fo  long  as  it  is  above  the 
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magnetick  sequator.  But  if  on  the  fouth  he- 
mifphere  below  the  sequator;  it  is  with  the  pole 
a  raifed  above  the  apparent  horizon,  as  b  is  di¬ 
rected  to  A.  All  thefe  directions  may  be  plainly 
diftinguifhed  on  Gilbert's  terrella;  or  taking  for 
the  purpofe  an  inclinatory,  or  inftrument  in 
which  a  magnetick  needle  may  Ihift  out  of  the 
horizontal  pofition  into  the  vertical,  or  out  of 
this  into  that .  If  you  bring  a  compafs,  or  an 
inftrument,  in  which  the  magnetick  needle  Hands 
horizontal,  and  can  only  Ihift  round  in  a  circle 
on  or  above  the  horizon,  on  Gilbert's  earthy  the 
following  pofitions  and  fhiftings  appear  in  the 
magnetick  needle.  If  Gilberts'  earth  lies  with 
its  axis  on  the  horizon ;  the  needle  Hands  in  the 
meridian,  be  the  compafs  placed  at  the  north  or 
fouth  pole.  But  if  it  be  diftant  either  from  the 
north  pole  towards  the  fouth,  or  from  this  to¬ 
wards  the  north  pole;  the  needle  declines  from 
the  meridian.  If  the  compafs  Hands  at  the  north 
pole  B,  the  abforbing  pole  a  Hands  at  it.  But  if 
the  compafs  Hands  at  the  fouth  pole  A,  the  emit¬ 
ting  pole  b  is  at  this  fouth  pole.  If  you  carry 
the  compafs  on  the  horizon  from  the  north  to 
the  fouth  pole,  the  needle  in  it  fhifts  round  in  a 
circle. 

§.  277.  Were  therefore  the  magnet  of  the 
earth  adjufted  in  the  manner  of  Gilbert's  earth; 
we  might  at  each  place  eafily  judge  from  the 
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declination  and  inclination  of  the  magnetick 
needle  the  diredion  of  the  magnetick  matter; 
and  by  a  few  trials  and  obfervations  attain  to 
the  knowledge  of  a  rule,  from  which  the  decli¬ 
nation  and  inclination  of  the  needle  might  be 
previoufly  determined  for  each  place.  But  the 
magnetick  poles  of  the  earth  are  not  fufficiently 
known  to  us.  We  fhould  accurately  know  their 
number,  their  places,  their  diBances  from  the 
proper  poles  of  the  earth,  and  their  forces. 
Further,  it  were  to  be  enquired,  whether  a  pole 
ever  retained  one  and  the  fame  place,  or  fhifted 
its  place.  The  JaB  may  be  perceived  from  the 
change,  which  as  well  the  declination  as  alfo  the 
inclination  of  the  needle  undergoes  in  one  and 
the  fame  place  at  different  times.  We  fhould 
therefore  have  a  rule,  according  to  which  thefe 
changes  happen. 

§.  278.  In  explaining  the  reafons,  why  two 
magnets  attrad  each  other  alternately,  when  the 
poles  of  different  names  Band  oppofed  to  each 
other  at  a  due  diftance;  we  are  above  all  to 
confider  the  manner,  how  a  magnet  by  its  own 
vortical  matter  may  come  into  motion.  If  the 
magnetick  matter,  which  Breams  forth  out  of 
B,  fig.  12.  Plate  V.  is  driven  by  the  external 
magnetick  matter  with  equal  intenfenefs  on  both 
fides  towards  ß,  as  to  run  on  on  both  fldes  the 
magnet,  and  flow  in  again  on  both  flues  from  a 

X  3  int® 


V 


CO 


26  Of  F  L  U  I  D  BODIES. 

into  the  pole  A;  the  magnet  cannot  move  either 
to  B  or  to  A,  and  muft  therefore  continue  in  a 
ftate  of  reft.  But  if  the  matter  ftreaming  forth 
out  of  B  met  with  no  refiftance;  the  magnet 
muft  move  ftraightway  on  from  B.  For,  thus 
the  external  magnetick  matter  would  prefs 
ftronger  towards  A  than  towards  B.  Were  the 
revolving  matter  hindred  at  a  by  the  acceftion 
of  a  fubtle  matter,  fo  as  not  to  be  able  to  force 
into  the  pole  A ;  the  magnet  muft  move  ftrait- 
way  on  from  A.  For,  the  preffure  of  the  ex¬ 
ternal  matter  towards  B  would  be  ftronger  than 
towards  a.  How  therefore  two  magnets  attract 
each  other  alternately,  may  be  underftood  in  the 
following  manner.  Suppofe  the  axes  of  two 
magnets  to  lie  in  a  right  line,  and  the  poles  of 
different  names  A  and  b,  fig.  13.  Plate  V.  to  be 
ob  verted  to  each  other.  The  magnetick  matter 
which  goes  forth  out  of  b9  muft  therefore  ftrait- 
way  go  in  at  A.  Partly  the  ftrudture  of  the 
magnetick  paffages  from  A  to  B;  partly  the 
dafticity  with  which  the  external  matter,  which 
burfting  forth  out  of  by  preffes  againft  the  aper¬ 
tures  A,  requires  this.  In  thefe  circumftances 
neither  can  the  fubtle  matter  forcing  forth  out 
of  b  be  entirely  beat  back  to  the  fides  of  the 
magnet  ba ;  neither  that  coming  out  of  B,  and 
flowing  at  the  fides  of  the  magnet  B  A  to¬ 
wards  the  pole  A,  force  into  it.  This  matter 
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therefore,  ftreaming  out  from  B  propagates  its 
courfe  through  y  and  J  on  to  As  both  the 
vortices  of  both  the  magnets  mix  together  at  y 
and  S',  fo  they  withftand  the  force,  whereby  they 
are  other  prefled  to  the  poles  A  and  b.  So  that 
both  magnets  are  forced  together  and  mutually 
united  by  the  external  magnetick  matter,  which 
by  its  fpring  prefles  towards  a  and  B. 

The  nigher  the  magnets  are  to  each  other,  in 
greater  quantity  the  matter  burfting  forth  out 
of  b,  forces  into  A,  as  the  pole  of'  the  other 
magnet,  and  thus  in  lefs  quantity  to  the  Aides  to 
a,  as  the  other  pole  of  its  own  magnet.  And 
for  this  very  reafon  the  matter  ftreaming  out  of 
B  can  the  lefs  come  into  the  pole  A.  The  moft 
part  therefore  is  carried  on  through  y  and  S  quite 
to  a ,  as  the  pole  of  the  other  magnet.  And 
thus  the  nigher  the  uncognominal  poles  of  two 
magnets  are  to  each  other,  the  ftronger  mtift 
they  be  forced  towards  each  other.  If  the  un¬ 
cognominal  poles  mutually  touch;  the  whole 
magnetick  matter,  which  flows  out  of  b,  goes 
immediately  into  A,  as  the  pole  of  the  other 
magnet;  and  the  whole  matter,  which  fprings 
cut  of  B,  is  driven  to  the  abforbing  pole  a  of 
the  magnet  ba.  And  thus  there  will  be  a  Angle 
vortex,  and  both  the  magnets  are  to  be  confi- 
dered  as  parts  of  a  Angle  one. 

Y  4 
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§.  279.  In  like  manner  arifes  the  cohefion  of 
two  keys,  which  §.  262.  ferved  to  fhew,  that  at 
the  poles  of  a  magnet  there  is  an  invifible  mat¬ 
ter  in  conftant  motion.  And  if  this  matter 
ftreams  through  one  key  into  the  other;  the 
keys  are  prefled  againft  each  other  by  the  elafti- 
city  of  the  external  magnetick  matter,  and  united 
in  the  manner  of  two  magnets. 

§.  280.  Ccgnominal  poles  remove  from  each 
other,  if  the  magnets  are  eafily  moveable,  and 
the  vortices  between  the  poles  a£t  againft  each 
other.  If  the  magnets  ab  and  AB,  fig.  14. 
Plate  V.  lie  fo  far  afunder,  that  the  vortices  of 
their  magnetick  matters  cannot  mutually  touch; 
the  matter  flowing  around  out  of  b  goes  into  ay 
and  the  matter  moving  around  out  of  B  into  A. 
But  if  they  come  fo  nigh  each  other,  that  the 
vortices  between  A  and  a  mutually  touch,  the 
vortex  at  h  mud  a£t  againft  the  vortex  at  /; 
and  the  vortex  at  e  againft  that  at  g.  By  this 
refiftance  the  vortices  at  he  and  fg  comprefs 
each  other.  And  hereby  both  vortices  become 
denfer,  and  therefore  a£t  with  the  greater  force 
againft  each  other.  And  fo  they  muft  remove 
from  each  other,  when  brought  mutually  nigh, 
and  when  in  a  ftate  of  eafv  mobility. 

§.  281.  But  fome  parts  may  be  eafily  forced 
off  from  the  vortex  at  h  by  the  vortex  at  /,  and 
from  the  vortex  at  g  fome  parts  by  the  vortex 

at 
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at  e,  as  alfo  fome  parts  from  the  vortex  at  e  by 
the  vortex  at  g9  and  fome  parts  from  the  vortex 
at  /  by  the  vortex  at  b.  So  that  fome  parts  of 
the  vortex  at  A  go  to  a ,  and  again  fome  parts 
of  the  vortex  at  a  to  A.  If  the  quantity  of  the 
particles  carried  off,  which  force  alternately 
into  each  other  out  of  the  cognominal  poles,  is 
greater  than  the  quantity  of  the  particles,  which 
refill  each  other  between  the  faid  poles,  two 
magnets  mufl  attrad  each  other  with  their  cog- 
nominal  poles  more  than  they  repel. 

§•  2^2.  Lon,  by  means  of  a  magnet,  is  thus 
made  magnetical :  The  flexible  particles,  ofwhofe 
difpofltion  and  fituation  in  a  magnet  its  magne¬ 
tick  paflages  confift,  are  already  extant  in  the 
iron.  If  therefore  you  hold  a  final!  piece  of  iron 
towards  the  emitting  pole  B  of  a  magnet  AB: 
As  the  matter  dreams  forth  in  large  quantities 
with  great  velocity  out  of  B,  it  mud  diredly 
force  into  the  iron  at  a9  and  burd  out  at  b9  and 
confe quently  from  a  to  b  form  magnetick  paf- 
iages.  And  coming  forth  at  b9  it  will  be  driven 
by  the  external  magnetick  matter,  which  en- 
compafles  the  earth  fideways,  and  confequently 
about  the  magnet  quite  to  the  pole  A.  And  as 
therefore  it  forces  into  it  again,  fo  by  the  rule, 
by  which  one  magnet  unites  with  another,  §. 
278.  it  moves  to  the  magnet  BA.  And  thus 
ab  is  to  be  confidered  as  a  masrnet  arifen,  whofe 
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pole  a  is  the  fame  with  the  pole  B,  In  like 
manner  a  fmall  piece  of  iron  becomes  a  magnet 
at  the  abforbing  pole  A,  when  laid  hold  on  by 
its  vortex,  as  it  ftreams  quite  through  the  piece 

of  iron,  and  then  in  at  A. 

§.  283.  From  this  it  appears,  that  the  vortex, 

which  encompafies  a  magnet,  expands  itfelf  by 
means  of  an  iron,  which  is  brought  to  one  pole, 
through  a  larger  fpace. 

§.  284.  In  like  manner  iron  may  turn  mag- 
netical  by  the  earth’s  magnetick  vortex  only. 
This  has  been  obferved  in  iron  bars,  which  for 
a  long  time  have  Hood  in  a  vertical  pofition. 
Remarkable  inftances  to  this  purpofe  the  croffes 
on  the  fteeples  at  Aix  and  Chartres  have  afforded. 
Such  bars  turn  in  a  Ihort  time  magnetical  by  the 
magnetick  vortex  of  the  earth,  when  their  flex¬ 
ible  parts  are  by  an  external  caufe  brought  into 
the  difpofition  or  arrangement  of  the  magnetick 
paffages.  This  happens,  if  you  heat  an  iron 
rod,  or  flrike  it  againft  a  firm  body,  or  hammer, 
or  file,  or  bend  it.  This  the  remarks  of  M,  du 
Fay  on  dilferent  experiments,  made  with  the 
magnet,  fhew,  and  M.  Reaumur's  experiments, 
that  fteel  and  iron  become  magnetick  without 
touching.  A  peculiar  method  of  making  artifi¬ 
cial  magnets  without  a  natural  one,  Mr.  Canton 
publifhed  in  Englijh  in  1751. 
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§.  2 85.  But  iron,  by  thefe  very  caufes,  lofes 
its  magnetick  virtue,  when  they  change  the  po¬ 
rtion  and  arrangement  of  the  flexible  particles 
adapted  thereto.  We  have  inftances,  that  mag¬ 
netick  needles  have  acquired  an  inverted  direc¬ 
tion  by  the  violence  of  a  flafh  of  lightening,  its 
north  pole  coming  to  be  the  fouth. 

§.  286.  The  arming  of  a  magnet  gives  its 
vortical  matter  partly  another  direction,  partly 
a  ftronger  virtue.  If  the  magnet  is  not  encafed 
or  armed,  the  fubtle  matter  diflipates  at  its  exit 
out  of  the  pole  B,  fig.  1 6.  Plate  V.  And  thus  - 
too  after  a  great  degree  of  diflipation  it  goes  into 
the  pole  A.  But  if  the  magnet  is  encafed,  the 
the  matter  at  the  outlet  and  inlet  will  be  brought 
clofer  together  5  as  in  the  iron,  on  account  of  its 
eafily  moveable  particles  and  adapted  to  its  paf- 
fage,  it  finds  lefs  refiftance,  than  in  the  external 
and  elaftick  matter  of  the  earth’s  magnetick 
vortex,  when  in  immediate  contabf  with  the  bare 
magnet.  And  thus  it  is  collected  into  a  clenfe 
ftream,  which  takes  its  way  through  the  iron 
foot  by  and  on  account  of  the  refiftance,  which 
the  external  matter  of  the  earth’s  magnetick 
vortex  caufes,  goes  through  c  to  the  foot  <2,  and 
with  like  denfity  forces  into  its  paflages  of  eafy 
opening.  And  with  this  denfity  the  magnetick 
virtue  thus  encreafes.  Its  effe6l  will  be  ftill  great¬ 
er,  if  an  iron  be  brought  to  both  poles,  and  this 
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laft  at  the  fame  time  has  fuch  pofition,  as  that 
one  pole  has  as  much  to  bear  as  the  other.  For* 
in  this  manner  the  external  matter  of  the  earth’s 
magnetick  vortex  ads  againfl  the  iron  with  a 
double  preflure. 


PART  VIII. 


What  Fluids  have  in  common  with  Solids. 

#  i  >. 


CHAP.  I. 
Of  Porosity. 


§.  287.  ALL  bodies  on  the  earth,  which  are 

vifible  and  tangible,  are  porous. 
In  folids  the  pores  are  difcovered  partly  by 
magnifying  glades ;  partly  alfo  hereby,  that  they 
may  be  penetrated  by  certain  fluid  matters.  In 
fluids  the  porofity  fhews  itfelf  by  this,  that  they 
mutually  penetrate  each  other,  and  mutually 
mix.  Among  the  matters,  that  lodge  in  the 
pores  of  vifible  bodies,  air,  fire,  eledrical  and 
magnetick  matters  are  the  moll  known.  A 
number  of  experiments,  confirming  the  truth  of 
this,  we  find  in  baron  JVolfius* s  Ufeful  Experi¬ 
ments ,  P.  I.  c.  6.  and  P.  III.  c.  5. 
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CHAP.  II. 


Of  Tranlparency,  Opacity,  and  Vifibility. 

§.  288.  A  Body  is  called  tranfparent,  when 
JlJL  we  can  diftinguifh  with  the  eye 
another  body  through  it.  And  fo  the  query  is, 
how  this  is  poifrble,  as  we  cannot  with  good 
ground  maintain,  that  the  rays  of  light,  as  an 
a&ual  matter,  ftream  quite  through  each  vifible 
body,  as  for  inftance,  through  glafs,  §.  207. 
The  particles,  of  which  the  furface  of  a  tranfpa- 
rent  body  confifts,  which  gives  no  paifage  to 
the  light,  are  compreffed  by  the  pulfes  of  the 
light,  §.  2 1 1.  If  therefore  the  conftituent  parts 
of  a  body  ftand  fo  connected  among  themfelves, 
that  the  compreffion  is  propagated  from  one  to 
the  other  ever  in  a  right  line;  the  eye  may  per¬ 
ceive  through  it  another  body. 

A  body,  whofe  pores  and  interfaces  contain 
matters  in  them,  whole  denfity  differs  far  from 
the  denfity  of  its  parts,  is  lefs  tranfparent,  than 
when  its  pores  and  interfaces  are  filled  with 
matters,  whole  denfity  comes  very  near  to  the 
d,enfity  of  its  parts.  So  paper  has  a  greater  de¬ 
gree  of  tranfparency,  on  drenching  it  in  water 
4  or 
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or  oil.  In  like  manner  a  fmall  flice  of  an  apple 
is  tranfparent  cn  filling  its  air-pores  with  water. 
The  reafon,  that  a  body  has  ever  lefs  tranfpa- 
rency  the  more  the  denfity  of  its  parts  differs 
from  the  denfity  of  the  filling  matter,  confifts  in 
this,  that  the  incident  rays  of  light  are  refradted 
otherwife  in  thefe  matters  than  in  its  parts,  §. 
164.  For,  thus  the  compreflion,  produced  by  the 
pulfes  of  light,  is  not  propagated  in  a  right  line, 
in  which  the  light  muft  fall  into  the  eye,  for  a 
thing  to  be  feen,  §.  186.  In  like  manner,  a 
matter  lofes  fomething  of  its  tranfparency,  when 
the  pofition  of  its  parts  are  fo  changed,  that  the 
adtion  of  the  light  cannot  proceed  as  before  in 
right  lines.  From  this  reafon  ice  is  more 
opaque  than  water.  It  is  alfo  white,  as  the  light 
is  refledted  from  it  in  greater  plenty  than  from 
water. 

§.  289.  The  motion  of  light  to  render  a  body 
vifible,  muft  not  only  come  into  the  eye,  but 
alfo  take  its  rife  from  the  body  itfelf,  or  be  ex¬ 
cited. 

§.  290.  So  that  neither  the  perfedlly  tranfpa¬ 
rent,  nor  the  perfedlly  refledting  bodies  are  vi¬ 
fible.  If  a  tranfparent  body  is  called  vifible,  as 
for  inftance,  water,  the  reafon  is,  that  it  is  opaque 
in  fome  parts.  But  in  fo  far  as  it  is  tranfparent, 
it  is  not  at  all  vifible.  A  refledting  body  gives 
the  rays,  which  fall  from  another  upon  it,  no 

motion. 
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motion,  by  which  its  pulfes  are  changed,  but 
another  direction  only,  that  the  pulfes  take  ano¬ 
ther  courfe.  As  therefore  reflected  rays  retain 
unchanged  the  fpecies  of  their  firft  motion ;  they 
can  exhibit  to  the  eye  no  other  body  than  that, 
which  the  fpecies  of  their  motion  firft  gave 
them.  The  fmoother  a  mirrour,  and  the  lefs 
thus  there  is  wanting  to  it  for  the  reflection,  the 
lefs  of  its  furface  is  vifible  to  the  eye. 

§.  291.  And  thus  no  body  can  be  vifible,  but 
a  luminous  body,  §.  215.  289.  Luminous  bo¬ 
dies  are  of  two  forts.  Some  are  luminous  by 
their  native  force,  and  fimpiy  called  luminous, 
as  the  fun,  or  flame.  Others  are  luminous  by 
an  adventitious  force,  and  are  naturally  opaque, 
as  the  full  moon.  The  adventitious  force, 
whereby  opaque  bodies  are  luminous,  is  the 
force,  with  which  the  rays  of  another  body  a 61 
upon  them.  But  in  order  to  be  made  luminous 
by  the  aCtion  of  the  incident  rays,  the  particles 
of  their  furfaces  mu  ft  come  into  a  tremulous 
motion,  whereby  they  excite  in  the  contiguous 
light  the  pulfes,  from  whofe  propagation  the 
rays  of  light  arife,  §.  214,  215,  216.  If  the 
parts  of  the  furface  of  an  opaque  body  re-aCted 
only  fo  on  the  incident  rays,  as  to  be  only  re¬ 
flected,  and  thus  acquire  a  different  direction 
only  *,  an  opaque  body  would  not  make  itfelf, 
the  other  body,  from  which  it  received  the 
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incident  rays,  vifibJe  to  the  eye,  §.  289.  The 
nature  of  the  rays,  by  which  an  opaque  body  is 
feen,  has  therefore  its  origin  in  the  tremor,  or 
vibration  of  the  fmalleit  parts  on  its  furface. 
The  Bolognian  done  is  therefore  luminous  even 
in  the  dark,  after  having  flood  before  in  the 
fun;  as  the  tremor,  excited  by  the  rays  of  the 
fun  in  its  parts,  ceafes  not  direftly,  fo  foon  as  it 
is  removed  out  of  the  fun.  But  as  this  tremor 
or  vibration  is  weaker  than  that  of  the  fmalleft 
particles  of  a  body  luminous  by  its  native  force; 
fo  is  alfo  the  luminoufnefs  ot  an  opaque  body 
weaker.  All  this  profeffor  Euler  has  deduced 
at  large  in  his  Nova  theoria  lucis  Iß  Color  um ,  c.  5. 


Of  the  Colours  of  Bodies. 

§.  292.  feven  colours,  by  which  the 

JL  feven  fpecies  of  the  rays  of  light 
give  themfelves  to  be  known,  §.  219.  are  called 
fimple  ;  as  none  of  them  are  refolvable  into  other 
colours,  §.  220.  And  hence  thofe  are  called 

t 

compound  and  mixt,  which  are  refolvable  into  the 
fimple.  Both  forts  of  colours  are  obfervable  in 
and  upon  fluids  and  folids,  when  the  light  falls 

from 
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,  / 

from  them  into  the  eye.  As  the  parts*  which 
conftitute  the  furface  of  an  opaque  body  come 
into  a  tremor  by  the  incident  rays  of  light,  §. 
291.  fo  in  explaining  the  colours,  with  which 
the  furface  of  an  opaque  body  appears*  we  are 
to  attend  to  the  tenfion  and  elaftick  force  of  its 
particles. 

§.  293.  The  red  colour  is  produced  in  the 
light,  when  the  ray  of  light,  which  excites  it, 
oftener  touches  and  Hr  ikes  the  eye,  than  in  an 
equal  time  any  other  fimple  ray  does,  §.  223^ 

V 

The  furface  of  an  opaque  body,  as  of  a  rofe,  for 
in  fiance,  appears  therefore  red,  when  its  particles 
are  fo  ilretched,  that  as  foon  as  they  receive  a 
ftroke  from  an  incident  ray  of  light,  they  excite 
in  the  contiguous  light  in  a  fecond  fo  many  pulfes 
and  vibrations,  as  are  neceffarv  to  form  the  red 
colour.  In  like  manner  an  opaque  body  will 
appear  under  another  fimple  colour*  when  the 
tremulous  parts  of  its  furface  produce  in  the 
light,  which  is  between  it  and  the  eye,  in  a  fe¬ 
cond  the  number  of  pulfes,  which  are  required 
to  this  other  colour,  W ere  therefore  the  num¬ 
ber  of  the  pulfes  known,  which  fucceed  each 
other  in  a  fecond  in  each  fimple  ray  of  light  j 
the  produdtion  of  the  colours  on  the  furfaces 
of  opaque  bodies  would  admit  being  explained 
with  peculiar  diilindtnefs.  But  what  number  of 
pulfes  follow  each  other  in  a  fecond,  is  pretty 
Vol*  L  Z  difE« 
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difficult  to  determine.  For,  the  intenfity  of  a  ray 
of  light  derives  hence,  that  the  following  pulfe 
ads  on  the  immediately  preceding,  §.  221. 
How  fmall  therefore  mull  the  fpace  be  between 
two  pulfes,  as  each  pulfe  in  a  fecond  may  be 
propagated  through  a  length  of  45  femidiame- 
ters  of  the  earth,  §.  207!  How  uncommonly 
great  thus  mull  be  the  number  of  the  pulfes, 
which  in  each  colour  come  to  us  in  a  fecond! 

§.  294.  If  the  furface  of  a  body  confiils  of 
mixt  parts  of  different  tenfion  and  elafficity; 
they  excite  a  mixt  colour,  when  flirred  up  to 
vibrate  by  the  incident  light.  For,  differing  in 
tenfion  from  each  other,  they  muff  alfo  differ  in 
vibration.  A  firing  vibrates  ever  quicker,  or 
accompliffies  in  a  given  time  ever  a  greater 
number  of  vibrating  motions,  the  tighter  it*  is 
ftretched.  A  particle  on  the  furface  of  an 
illuminated  body  fuppofe  to  be  called  ay  and 
the  other  b  ;  and  a  in  a  fecond  to  have  twice 
the  number  of  vibrating  motions  that  b  has: 
Thus  a  excites  in  the  contiguous  light  twice  as 
many  pulfes  in  a  fecond,  as  b  does.  If  a  and  b 
have  on  the  furface  the  pofition,  as  that  the  ex¬ 
cited  pulfes  in  the  light  are  blended  together; 
the  eye  cannot  diflinguiffi  from  each  other  the 
greater  number  of  pulfes  of  ay  and  the  fmaller 
number  of  pulfes  of  b.  And  therefore  a  mixt 
colour  is  perceived.  In  like  manner,  a  mixt 
5  colour 
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colour  may  appear,  when  the  feveral  parts  of  a 
furface  are  made  vibratory  by  rubbing.  And 
thus  a  coloured  circle  arifes  in  the  eye,  as  on  a 
peacock’s  feather,  if  at  the  internal  angle  of  the 
eye  you  move  a  finger  up  and  down,  and  at  the 
fame  time  prefs  the  eye  towards  the  external 
angle. 

§.  295.  As  the  feveral  degrees  of  the  different 
tenfion,  which  the  particles  of  opaque  matters 
may  have,  are  unknown  to  us;  we  fee  the  other 
reafon,  why  we  can  give  no  diftind  anfwer  to 
the  query,  how  it  happens,  that,  for  inftance, 
one  fight  has  ever  a  different  colour  from  the 
other,  §>  293. 

§.  296.  But  yet  we  would  gradually  proceed 
farther  in  judging  of,  and  explaining  the  mixt 
colours,  which  take  their  rife  from  the  opake 
bodies,  did  we,  1.  by  means  of  prifms  blend  to¬ 
gether  in  various  manners  the  fimple  colours  of 
the  fun’s  raysj  2.  alfo  combine  together  in  a 
variety  of  ways  the  colours  arifing  from  the  for- 
mer.  3.  Apply  conflant  fixt  names  to  all  thefe 
compound  colours :  And  4.  make  a  comparifon 
between  the  mixt  colours  of  the  fun’s  rays,  and 
the  mixt  colours  of  opaque  bodies.  For  in- 
flance,  a  ray  of  the  fun  forms  on  the  wall  of  a 
darkened  room  a  white  circle,  when  incident 
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through  a  narrow  aperture,  and  proceeding  urn 
refraded.  Yet  all  the  feven  rays,  which  are 
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called  the  fimple,  are  blended  in  it.  If  there¬ 
fore  an  opaque  body,  as  fnow  for  inftance,  ex¬ 
hibits  fuch  a  white  colour,  though  net  immedi¬ 
ately  enlightened  by  the  fun;  i  may  affirm,  that 
the  vibrating  particles  of  the  fnow,  in  the  man¬ 
ner  of  the  fun,  excite  and  mix  the  feven  fimple 
rays  in  the  contiguous  light. 

§.  2 97.  The  brightnefs  of  a  colour,  as  of  red, 
for  inftance,  is  ever  greater,  the  more  intenfe 
the  vibration,  with  which  the  particles  of  an 
opake  and  illuminated  body  abl  on  the  contigu¬ 
ous  light.  The  caufes  of  the  intenfity  of  the 
vibration  are  to  be  fought  for,  partly  within  and 
partly  without  it.  The  external  caufe  is  the 
force  of  the  incident  ray.  And  thus  each  colour 
appears  more  vivid  in  the  light  of  the  fun  than 
of  the  moon.  To  the  internal  caufes  belongs 
partly  the  tendon,  partly  the  fubtlety  of  the 
particles. 

§.  298.  If  a  body  in  refpebt  of  certain  parts 
is  opake,  but  of  the  reft,  refiebling;  it  may  ex¬ 
hibit  two  colours  to  the  eye.  Thofe  parts, 
which  differ  from  the  reft  ebbing,  are  by  the 
flroke  of  incident  rays  put  into  a  vibration. 
And  hereby  they  excite  a  colour  proper  to 
them.  And  thus  polifhed  gold  retains  its  yel¬ 
low,  and  pol iflied  copper  its  red  colour.  If,  on 
the  contrary,  the  ftroke  of  the  refledted  rays,  as 
in  a  metalline  burning-mirrour,.  for  inftance,  is 
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fo  intenfe,  that  the  eye  can  diflingujfh  it  from 
the  Uroke  of  the  rays,  which  arife  by  the  vibra¬ 
tion  ot  the  opaque  parts-,  it  perceives  in  the 
image  or  the  body,  from  which  the  reflected  rays 
have  taken  their  rife,  the  colours  alfo  of  the  fame 
body. 


CHAP.  IV. 

Of  Shado w. 


§.  299.  QHADOW  is  a  defeCt  or  privation 
O  of  light,  which  a  body  undergoes, 
when  between  it  and  a  luminous  body  an  opake 
body  interpofes.  Light  is  here  taken  for  the 
motion,  by  which  a  body  is  rendred  vifible,  §. 

144* 

§.  300.  In  fo  far  as  the  place,  which  the  fha~ 
dow  covers,  has  at  the  Aides  a  certain  degree  of 
light,  it  is  in  fome  meafure  vifible.  And  in  this 
fenfe  we  fay,  that  we  fee  the  fhadow.  But  if  the 
place  has  no  light  at  the  Aides,  and  by  a  per¬ 
fectly  opake  body  is  entirely  deprived  of  the 
light,  <  which  it  might  have  from  a  luminous 
body-,  it  is  entirely  darkened.  And  this  defedt 
or  privation  of  light  we  call  pure  and  perfect ßoa~ 
Jow . 
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§.  30  t.  If  an  opake  fphere  A,  fig.  4.  Plate 
VI.  which  is  illuminated  by  a  bigger  S  on  the 
fide  obverted  to  it,  projedls  a  fhadow;  it  has  the 
form  of  a  cone,  whofe  bale  is  in  the  lefs  fphere 
A.  The  fhadow  is  contained  between  the  rays 
CR  and  BR,  which  come  from  the  luminous 
fphere  S,  and  pafs  along  the  opake  fphere  A. 
As  the  fphere  A  is  lefs  than  S ;  fo  the  fpace  be¬ 
tween  the  rays,  which  pafs  along  A,  is  lefs  than 
that  between  the  rays,  which  proceed  from  L 
and  O.  And  therefore  the  rays  fhooting  along 
A  run  together  at  length  in  the  point  R.  If 
we  imagine  the  lefs  fphere  to  be  fo  cut  in  B  and 
C,  that  the  bafe  of  the  fe&ion  is  a  circle,  through 
whofe  centre  the  line  S  AR  goes,  which  is  drawn 
through  the  centres  S  and  A;  the  rays  pafnng 
along  the  periphery  of  this  circle  form  a  cone, 
whole  vortex  is  in  R,  So  that  the  fhadow  is 
contained  between  rays,  which  form  a  cone,  and 
confequently  is  itfelf  a  cone. 

§.  302.  The  axis  of  this  cone,  which  the 
fhadow  of  the  lefs  fphere  A,  fig.  4.  Plate  VI. 
forms,  is  lefs  than  the  diftance  of  the  vertex  R 
of  the  cone  from  the  centre  of  the  fphere  A. 
The  rays  BR  and  CR,  as  right  lines,  cannot 
Qtherwife,  touching  the  fphere  A,  than  form  right 
angles  with  the  femidiameters  AB  and  AC,  In 
the  triangles  ARB  and  ARC  therefore  the  an¬ 
gles  u  and  x,  which  RA  forms  with  AB  and 
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AC,  are  lefs  than  right  angles.  And  confe- 
quently,  as  well  the  arch  EB,  as  alfo  the  arch 
EC  is  lefs  than  a  quadrant.  So  that  the  right 
line  BC,  which  is  drawn  from  the  point  of  con- 
tad:  B  to  the  point  of  contad  C,  is  lefs  than  the 
diameter  of  the  fmall  fphere  QJVI.  The  centre 
o  in  the  right  line  BC,  which  is  the  diameter  of 
the  bafe  of  the  coniform  fhadow,  is  thus  nigher 
the  vertex  of  the  cone  than  the  centre  A  of  the 
fphere,  which  projeds  the  fhadow.  And  there¬ 
fore  0R,  as  the  axis  of  the  cone,  is  lefs  than  the 
diftance  of  its  vertex  R  from  the  centre  A  of 
the  lefs  fphere. 

§.  303.  And  thus  in  order  to  know  the  length 
cf  the  fhadow,  which  a  fphere,  enlightened  by  a 
larger,  projeds;  we  mult  firft  calculate  AR,  as 
the  diflan ce  of  the  centre  of  the  fphere  from  the 
vertex  of  the  cone;  and  then  A o9  as  the  diftance 
of  the  centre  of  the  fphere  from  the  centre  of 
the  bafe  of  the  cone.  And  then  deduding  A  0 
from  AR,  <?R  the  length  of  the  cone  remains* 
But  if  AR  and  <?R  differ  inconfiderably ;  we 
may  affume  AR  for  the  length  of  the  fhadow. 

§.  304.  AR  the  diftance  of  the  vertex  of  the 
conical  fhadow  from  the  centre  of  the  opake 
fphere  may  be  found  as  follows:  Suppofe  SL  to 
be  the  femidiameter  of  the  greater  and  luminous 
fphere,  AB  that  of  the  lefs  and  fhadow-projed- 
ing  fphere,  and  S  A  the  diftance  of  the  centres 
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S  and  A  from  each  other.  If  in  the  triangle 
SRL  you  fet  off  from  L  to  N  the  femidiameter 
AB  of  the  lefs  fphere  on  S  L  the  femidiameter 
of  the  greater;  LN  is  =  AB,  and  confequently 
SN  is  the  difference  between  both  femidiameters* 
Suppofe  SL  the  bafe  of  the  triangle  SRL.  As 
AB  forms  a  right  angle  with  BR  at  B,  and  SL 
with  LR  at.  I~i  j  A  B  and  S  T  i  are  routually  pa* 
rallel.  By  the  dodlrine  of  triangles,  in  which  a 
line  is  drawn  parallel  to  their  bafe,  we  may  make 
the  following  conclufion.  As  SN  the  difference 
of  both  femidiameters  of  the  fpheres,  to  SA  the 
diftance  of  their  centres  from  each  other;  fo  is 
AB  the  fernidiameter  of  the  fhadow-projedting 
fphere  to  AR  the  diftance  of  its  centre  from  the 
vertex  of  the  coniform  fhadow.  As  fuppofe, 
for  inftance,  SA  —  12,  AB  =  2,  and  SL  — 
g.  Then  thus  SN  =  3,  confequently  AR  =* 
8;  for  3  :  12  :  :  %  :  8. 

§.  305.  And  thus  the  nigher  the  opake  fphere 
worries  to  the  luminous,  the  fhorter  the  fhadow : 
But  the  farther  diftant  the  opake  fphere  from 
the  luminous,  the  longer  the  fhadow.  As,  if 
SA  =  24;  then  AR  =  16.  For,  3  :  24  :  :  2 
;  1 6.  . 

§s  306.  Round  the  true  fhadow  a  certain 
mixture  of  light  and  fhadow  may  arife.  This 
is  called  the  penumbra ,  or  half-foadow.  As,  from 
|he  luminous  fphere,  for  inftance,  the  ray  LTV, 
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fig.  4.  Plate  VI.  palfes  from  the  point  L  along 
the  furface  of  the  opake  lphere  at  T.  Between 
the  rays  OCR  and  LTV,  indeed,  a  part  of  the 
luminous  body  is  vifible;  but  a  part,  which  is 
covered  by  a  portion  of  the  opake  body,  invi-  - 
fible.  On  account  of  the  covered  and  invifible 
part  there  is  a  lhadow  in  the  fpace  between  both 
the  faid  rays.  On  the  contrary,  it  is  mixed  with 
the  light,  which  comes  from  the  vifible  part. 

In  like  manner  there  is  light  and  lhadow  mixed 
together  in  the  fpace  between  the  rays  OXZ 
and  LBR.  This  half- lhadow,  or  penumbra 
has  alfo  the  form  of  a  cone.  But  its  vertex  is 
in  D  between  the  luminous  and  opake  lpheres, 
and  its  bafe  behind  the  dark  part  of  this  lalL  » 
But  as  the  cone  TDXf  is  fully  enlightened; 
the  penumbra  exhibits  properly  a  curtated  cone 
TVXZ. 


CHAP.  V. 
Of  Sound» 


§.  307.  T\T  O  found  arifes  otherwife  than  by 
A.^1  the  ftroke,  which  an  elaftick  body 
either  gives  a  refilling  body,  or  receives  from 
gnother.  For,  in  order  to  excite  found,  either 

one 
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one  folid  muft  move  againft  another,  as  a  ham¬ 
mer  againft  a  bell ;  or,  a  folid  againft  a  fluid,  as 
a  ftone  againft  water  *  or  a  fluid  againft  a  folid, 
as  the  wind  againft  a  tree  ;  or  one  fluid  againft 
another,  as  a  flafti  of  water  againft  another  flaih ; 
and  by  the  motion  a£fc  thereon,  and  thus  ftrike, 
§.  ii.  But  the  more  elaftick  thele  bodies,  the 
more  adapted  they  are  to  excite  found. 

§.  308.  If  elaftick  bodies  mutually  ftrike,  they 
come  to  have  a  quivering  or  tremulous  motion. 
A  body  has  this  tremor,  when  its  parts  ftrike 
againft  each  other,  and  vibrate.  This  vibration 
of  the  parts  is  to  be  diftinguifhed  from  that  of 
the  body,  which  the  parts  conftitute.  The  body 
vibrates,  when  all  its  parts  move  fo  quick,  as 
fcarce  to  be  diftinguifhabie  by  the  eye,  §,>  214. 
But  if  the  parts  of  a  body  vibrate,  they  indeed 
come  alike  into  motion,  each  alfo  moves  to  and 
fro;  but  one  ever  to  a  different  part  from  the 
other.  And  this  happens  even  in  the  collifion  of 
elaftick  bodies.  For,  by  the  ftroke,  which  an 
elaftick  body  either  gives  or  receives,  its  parts  on 
the  fide,  on  which  the  ftroke  happens,  are  com- 
prefled;  but  again  expanded,  fofoon  as  the  ftroke 
remits,  §.  51.  The  compreffed  parts  become 
Indeed  rarer,  but  broader  and  longer;  as  the 
Inftance  of  a  blown  bladder  fhews,  on  prefling 
thereon  with  the  flat  hand.  And  neither  breadth 
nor  length  can  encreafe,  as  that  the  contiguous 
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parts  fhould  not  in  like  manner  be  compreffed. 
Both  happens  towards  different  parts.  And 
thus  the  fingle  parts  come  into  motion  towards 
different  points.  On  the  remiffion  of  the  ffrokc, 
the  parts  compreffed  thereby,  fpring  back  by 
virtue  of  their  elafticity.  And  this  is  done  even 
by  the  parts,  which  moved  towards  different 
points  from  what  the  compreffed  parts  did. 
And  thus  alfo  the  refilition  happens  from  diffe- 
rent  points.  As  the  ftroke  adts  with  a  certain 
degree  of  velocity,  and  the  elaftick  parts  are 
uncommonly  fmall  they  muff  neceffarily  fall 
into  a  vibratory  motion.  For,  they  move  not 
only  towards  and  from  different  points,  but  alfo, 
on  account  of  their  fmallnefs,  through  unob- 
fervably  fmall  fpaces.  In  both  thefe  properties 
the  vibration  of  the  parts  of  a  body  confifls. 
And  therefore  if  an  elaftick  body  ftrikes  either 
againft  an  obftasple,  or  be  it  ftruck  on  by  a 
body,  it  will  every  time  be  put  into  a  tremor. 

§.  309.  So  that  no  found  can  arife  in  a  body 
otherwife  than  by  its  quivering  or  tremulous 
motion.  In  ringing  bells  and  founding  firings, 
their  quivering  or  tremor  is  manifeft  to  the 
touch. 

§.  310.  The  tremulous  motion,  that  gives 
rife  to  found,  paffes  through  folid  and  opake 
bodies.  Be  a  larum  fhut  up  ever  fo  clofe  in  a 
metal  yeffel,  yet  it  may  ftill  be  heard. 
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§.  3 ii.  But  in  order  to  become  audible,  the 
quivering,  whereby  it  is  excited,  mud  be  con¬ 
veyed  to  the  ear  through  the  air.  For,  if  a  la- 
rum  be  let  loofe  in  vacuo,  no  found  can  be  per¬ 
ceived.  On  the  contrary,  the  denfer  the  air 
about  the  larum,  the  louder  its  found. 

§.  312.  For  the  air  to  convey  the  tremor  of  a 

body  to  the  ear,  the  air  itfelf,  interpofed  between 

/ 

the  ear  and  body,  mud  quiver,  or  be  put  into  a 
tremulous  motion.  For,  fhould  this  air  remain 
unfhaken,  the  vibrating  parts  of  the  tremulous 
body  mud  either  fo  part  afunder,  as  to  reach  the 
organ  of  hearing,  or  only  comprefs,  and  pro¬ 
pel  the  air  between  the  body  and  ear,  without 
the  fingle  parts  therein  being  put  into  a  vibra¬ 
tion.  The  fird  is  inconfiftent  with  the  cohefion 
of  the  parts  of  a  body :  And  a  bell  with  the  fird 
found  mud  be  refolved,  and  difiipated  in  air« 
Flappened  the  fecond,  we  would  perceive  no¬ 
thing  more  than  either  a  preflure  of  the  air,  or  a 
wind  in  the  ear.  But  in  the  ringing  of  bells  we 
perceive  neither  prefiiire  nor  wind,  whether 
Jieard  in  a  room,  or  on  a  free  open  place.  If  a 
wind  is  raifed  at  the  fame  time  with  the  found, 
it  arifes  from  other  caufes  than  the  quivering  of 
the  body.  And  we  perceive  the  found,  without 
any  neceflity  of  perceiving  the  wind,  arifen  at 
the  fame  time  with  it.  That  the  quivering, 
which  begins  the  found  of  a  body,  is  excited  in 
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the  contiguous  air,  may  appear  from  a  fimple 
experiment :  If  of  two  unifon  firings,  diflant  a 
few  feet  afunder,  one  be  flruck  on,  or  pulled, 
the  other  founds  along  with  it. 

§.  313.  And  thus  without  the  air’s  quivering, 
or  tremulous  motion,  no  found  is  perceivable. 
Sound  therefore  always  confifls  in  a  quivering 
or  tremor  of  the  air.  And  alfo  in  what  are 
called  water  and  glafs  hammers,  in  which  water 
along  with  rarifled  air  is  included,  found  arifes; 
as  the  air,  by  means  of  the  water,  is  quickly 
compreffed  in  oppofite  directions:  As  Mr.  Eber¬ 
hard  explains  this  in  the  appendix  to  his  reflec¬ 
tions  on  fome  points  in  natural  philofophy. 

§.  314.  And  thus  the  intenfer  the  tremor  of 
the  air,  or  the  greater  the  quantity  of  air,  put 
into  a  tremor,  the  intenfer  is  the  found.  If,  for 
inflance,  over  one  aperture  of  a  hollow  cylinder 
of  metal  a  dried  bladder  is  ftretched;  it  will 
burfl  with  a  loud  crack  by  the  prefiure  of  the 
air,  on  the  cylinder  with  the  ocher  aperture 
Handing  on  the  plate  of  the  air-pump,  and  be¬ 
ing  exhaufted  of  air.  The  caufe  of  the  crack  is 
the  tremulous  motion,  which  arifes  in  the  air; 
when,  on  the  burfling  of  the  bladder,  it  paflfes 
into  the  empty  fpace  on  the  difh  of  the  air-pump 
and  to  the  internal  furface  of  the  cylinder.  But 
the  purer  the  air  is  exhaufted,  and  the  wider  and 
taller  the  cylinder,  the  louder  is  the  crack.  For, 

then. 


/ 


Of  FLUID  BODIES. 

then*  a  greater  quantity  of  air  is  put  into  a  tre¬ 
mor.  In  like  manner  the  tremulous  motion  of 
the  air  produces  a  crack,  when  an  exhaufted 
glafs  globe  is  thrown  againft  a  wall.  The  big¬ 
ger  the  globe,  the  ftronger  it  cracks  in  breaking. 

§.  315.  In  the  air  a  tremor,  and  confequently 
a  crack  may  arife,  without  the  ftroke  or  percuf- 
fion  of  a  folid,  elaftick  and  vilible  body.  A 
fubtle  matter,  which  may  be  invifible,  need  only 
colled  in  the  air  to  one  place  with  the  force  to 
expel  the  air  out  of  it,  and  with  a  great  degree 
of  quicknefs  diffufe  itfelf  at  once,  and  hereby 
exhauft  or  empty  the  occupied  fpace.  For,  fo 
foon  as  this  fpace  is  exhaufted;  the  air,  by  virtue 
of  its  elafticity,  §.  114.  forces  in  on  all  fides  to 
it.  And  thus  the  parts  of  the  air  with  great 
velocity  ftrike  from  all  Tides  againft  each  other. 
And  thus  a  violent  tremor  arifes.  Eledricity 
affords  an  inftance  to  this  purpofe.  You  fill  a 
glafs  globe  with  water,  or  with  filings  of  metal, 
and  fet  it  in  a  metal  veffel,  that  with  its  rim 
goes  fomething  over  half  the  fphere,  and  there 
Hands  a  little  way  from  its  furface.  On  and 
over  this  globe  let  an  eledrick  fpark  and  flafh 
be  produced  in  the  manner,  which  in  1746  in 
the  treatife  on  the  inten fity  of  the  eledrical  force 
of  water  in  glafs  veftels  I  defcribed  §,  4.  and 
exhibited  Flare  IX.  So  foon  as  the  fpark  burfts 
forth,  a  fnap  arifes,  which  comes  near  to  the 
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report  of  a  piftol  in  intenfenefs.  This  fpark  is 
produced,  fo  the  ele&rical  matter  forces  into 
the  fpace  between  the  electrified  body,  and  the 
unek&rified  glafs  glebe,  and  expels  the  air  out 
of  it,  and  at  lafl  inftantly  quits  it.  Into  this 
ex  hau  fled  fpace  the  air  diredtly  moves  from 
every  fide,  and  is  put  into  a  tremor  by  the 
fhock,  with  which  the  oppofite  moving  parts 
.adt  on  each  other.  This  tremor  is  encreafed,  fo 
the  disjoining  eledtrical  matter  ftrikes  againft 
the  contiguous  particles  of  the  air. 

§.  316.  Sound  propagates  itfelf  from  the  place 
of  the  body,  where  it  is  excited  by  its  tremor, 
in  a  free  fpace,  in  the  manner  the  rays  of  light 
do,  Plate  II.  fig.  9,  15.  in  diverging  lines: 
For,  if  a  bell  is  druck;  its  found  is  heard  all 
around,  fo  far  as  it  extends. 

§.317.  In  a  free  fpace  therefore  the  intenfity 
of  jhe  found  decreafes,  as  the  fquare  of  the  dis¬ 
tance  encreafes.  This  may  be  fhewn  in  the  fame 
manner,  as  was  fhewn,  §.  145.  of  light;  viz, 
that  its  intenfenefs  decreafes  in  the  faid  ratio. 
If  the  place  D,  in  which  found  arifes  in  a  body, 
be  confidered  as  a  point  in  regard  to  the  aper¬ 
ture  of  the  ear,  the  diverging  lines  DE  A, 
DFB,  DGC,  in  which  found  is  propagated, 
exhibits  a  cone.  Were  therefore  the  diameter 
of  the  aperture  of  the  ear  equal  to  the  diameter 
EF,  fig.  16.  Plate  II.  in  the  cone  DEF;  the 
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ear  at  G  would  receive  four  times  as  intenfe  a 
found,  as  at  C,  were  C  twice  as  diftant  from  D, 
as  G  is  from  D. 

§.  318.  If  the  lines,  ip  which  found  is  propa¬ 
gated  from  a  number  of  bodies  founding  at  once, 
interfed  each  other  in  the  ear,  how  they  will ; 
yet  we  can  dillinguiih  the  found  of  each  feveral 
body  from  the  found  of  the  others,  fo  the  in- 
tenfenefs  of  the  one  found  render  undiftinguifh- 
able,  or  drown  not,  the  weaker;  or  the  fmall  in¬ 
termediate  fpace  between  bodies  founding  at  once 
caufes  no  confufion  of  the  found.  The  aper¬ 
ture  of  the  ear  is  in  this  cafe,  where  a  number 
of  bodies  founding  together  are  without  it,  to  be 
confidered  as  a  point  in  refped  to  the  furface, 
in  which  they  have  their  places.  Now  fo  the 
diverging  lines,  along  which  found  takes  its 
courfe,  in  ter  fehl:  in  the  ear;  they  will  again  di¬ 
verge  behind  this  point,  and  ftrike  the  internal 

* 

furface  of  the  ear  in  different  points.  So  that 
every  found  is  perceived  in  a  peculiar  point, 
from  which  to  the  point,  where  it  took  its  rife, 
a  right  line  may  be  drawn.  Now  if  the  places 
of  the  fonorous  bodies  be  fo  near  each  other, 
that  the  lines  drawm  from  them  to  the  aperture 
of  the  ear,  mutually  touch  on  its  internal  fur¬ 
face;  the  ftrokes  and  pulfes  of  thefe  prove  as 
little  diftinguifhable  from  each  other,  as  the 
pulfes  of  light,  which  mix  writh  each  other  in 
5  the 
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the  eye,  when  the  intermediate  fpace  of  two  lu¬ 
minous  bodies  is  obfervabJe  under  an  infinitely 
fmall  angle*  i 

§.  319.  Sound  propagates  itfelf  far  more 
ilowly  than  light,  or  the  effect  of  a  luminous 
body.  And  thus  we  obferve  the  flafh  of  a  cannon 
before  we  hear  its  report.  Attempts  have  been 
made  to  difcover  the  velocity  of  found,  or  the 
fpace  found  paffes  over  in  a  fecond:  But  it  has 
been  found,  to  be  greater  at  one  time  than  v 
another.  In  Italy  found  runs  over  1185  Parts 
feet  in  a  fecond;  in  France  1172;  in  England 
107 2;  In  America  at  Cayenne  1098,  and  at  the 
town  of  Quito  1050.  And  tho5  we  afilime  the 
greateft  of  thefe  numbers,  yet  the  velocity  of 
found  to  that  of  light,  whole  erf eft  paffes  in  a 
fecond  through  45  femidiameters  of  the  earth, 

§.  207.  293.  is  confiderably  fmall.  How  by  - 
means  of  found  to  meafure  the  diflance  of  a 
place,  M.  Melderkreutz  fhews  in  the  Swediß  ach«, 

T,  3.  p.  82. 

§.  320.  A  found  is  called  a  tone,  on  con  fide  r- 
ing  at  the  fame  time  another  found,  and  com¬ 
paring  together  in  both  the  velocities  of  the  vi¬ 
bration  in  the  parts  of  the  tremulous  air.  Thefe 
velocities  are  eflimated  by  the  velocities  of  the 
vibration  of  two  flretched  firings.  If  the  one 
vibrates  quicker  or  oftener  in  a  limited  time,  and 
the  other  flower,  or  feldomer  in  the  lame  time; 
'"Vox..  L  ,/  A  a  the 
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the  tone  of  that  vibrating  •  quicker  is  called 
high ;  and  of  the  other  vibrating  flower,  deep  or 
low.  In  the  velocity,  with  which  two  firings 
vibrate,  we  are  to  confider  their  length,  tenfion, 
and  thicknefs.  If  two  firings  A  and  B  are 
flrung  equally  tight,  and  are  equally  thick,  and 
A  fhorter  than  B  ^  the  fhorter  A  vibrates  quick- 
er,  and  thus  gives  a  higher  tone  than  B.  If  two 
firings  A  and  B  are  flrung  equally  tight,  and 
are  equally  long,  and  A  the  more  (lender  than 
B ;  the  more  (lender  vibrates  quicker,  and  con- 
fequently  gives  a  higher  tone,  than  the  thicker 
B.  For,  the  thicker  a  body,  the  more  it  refills 
the  motion  from  the  quantity  of  its  matter.  If 
two  firings  A  and  B  are  equally  long,  and 
equally  thick,  and  A  tighter  flrung  than  the 
tighter  firing  A  yields  a  higher  tone  than  the 
flacker  firing  B,  What  has  been  faid  of  the 
firings,  may  be  properly  applied  to  other  elaf- 
tick  bodies,  on  confidering  each  of  them,  as 
con fi fling  of  pure  flretched  firings. 

§.  321.  Hitherto  we  have  confidered  found, 
in  fo  far  as  it  is  propagated  flraight  onwards, 
proceeding  from  the  place  of  its  rife  in  diverging 
lines,  §.  316.  But  if  the  parts  of  the  tremulous 
air  ftrike  on  a  fixed  and  immoveable  matter,  they 
excite  by  their  refilition,  §.  y3.  114.  a  reflected 
and  echoed  found . 
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§.  322.  By  the  reflection  a  found  may  be  now 
conveyed  with  unchanged  intenfity  to  a  diftant 
place,  again  heightened,  and  again  weakened. 
At  a  diftant  place  it  may  be  perceived  unchang¬ 
ed,  on  taking  its  way  through  a  clofe  confined 
pafiage,  both  whofe  apertures  are  equally  wide, 
its  fides  fmooth,  and  its  cavity  of  fuch  elafticity 
and  form,  as  to  allow  the  tremor  of  the  air  to 
force  with  equal  intenfenefs  to  the  other  aper¬ 
ture.  If  fuch  a  clofe  pafiage  is  internally  fo 
wide  throughout,  as  it  is  at  both  the  apertures, 
the  tremors  of  the  air  are  not  weakened  by  a  dif- 
fipation  either  in  its  internal  cOitipafs,  or  at  the 
exit,  where  you  incline  to  perceive  the  found. 
If,  indeed,  the  cavity  of  the  pafiage  is  internally 
wider  than  at  both  the  apertures,  but  having  an 
elliptick  figure,  by  which  the  tremors  of  the 
particles  of  the  air  at  firft  diftipated,  are  again 
collected,  and  at  the  exit  brought  into  fo  narrow 
a  fpace,  as  is  that  at  the  entrance  where  the 
found  was  excited;  it  can  in  like  manner  be  no 
weaker  at  the  outlet  than  it  was  at  the  inlet» 
Echoing  vaults  are  an  inftance.  And  as  an  in« 
fiance  of  equally  wide  paflages,  through  which 
found  takes  its  courfe  unimpaired,  Kircher  ad^ 
duces  the  Roman  aquedudls,  between  500  and 
600  feet  long  where  one  may  hear  at  one  end, 
what  another  fpeaks  at  the  other, 

A  a  2 
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Sound  is  weakened  by  the  refledlion,  when 
the  matters,  from  which  it  is  to  refledt,  are  little 
elaflick ,  as  we  obferve  in  rooms  and  buildings, 
where  either  the  walls  are  hung  with  foft  tapef- 
try,  or  a  great  number  of  men  is  prefent. 

Sound  is  heightened  by  the  refledlion,  when 
the  tremors  of  the  air  are  thereby  either  multi¬ 
plied,  or  conveyed  out  of  a  wider  into  a  nar¬ 
rower  fpace.  The  firfl  happens  in  fpeaking- 
trumpets,  the  other  in  acouflick  tubes.  But  in 
general  the  heightening,  which  a  found  acquires 
by  the  refledlion,  whether  happening  in  rooms, 
or  inftruments,  is  called  the  Refinance. 

§.  323.  If  a  body,  that  reflects  the  found,  is 
fo  diftant,  that  the  refledled  found  may  be  per¬ 
ceived  at  the  place,  where  the  original  is  per¬ 
ceived,  on  the  fenfation  of  the  original  having 
ceafed  ;  this  refledled  found  is  called  the  Echo. 

§.  324.  One  found  may  be  very  plainly  dif- 
tinguifhed  from  another,  if  from  the  beginning 
of  the  one  to  the  beginning  of  the  other  a  fecond 
intervenes.  If  therefore  a  fpeaking  perfon  is  536 
Paris  feet  diilant  from  the  place,  that  refledls 
the  received  found;  he  may  by  the  echo  or  re¬ 
de  cl  ion  hear  each  feveral  found  in  particular,  on 
intermitting  for  a  fecond  every  time  to  begin 
the  following.  For,  as  a  found  in  a  fecond  pafles 
over  1072  feet,  §.  319.  a  fingle  found  conies 
from  the  place  of  its  rife  in  half  a  fecond  to  the 

refledl- 
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reflecting  place,  fo  the  diftance  between  both 
places  amount  to  536  feet;  and  back  again  in 
half  a  fecond  from  the  refledting  place  to  the 
flrft. 

§,  325,  If  therefore  a  word,  that  conflfls  of  a 
number  of  Angle  founds  or  fyllables,  is  pro¬ 
nounced  fo  quick,  that  the  Angle  founds  fucceed 
each  other  in  a  fhorter  time  than  in  a  fecond ; 
and  you  wait  a  fecond  after  ending  the  word, 
before  you  begin  the  following;  the  echo  gives 
the  laft  Fy liable  only  of  the  flnifhed  word  to  be 
perceived.  And  if  one  pronounces  a  number  of 
words  fo  quick  upon  each  other,  that  the  time 
between  two  is  fhorter  than  a  fecond ;  the  ear  by 
the  echo  perceives  the  laft  fyllable  only  of  the 
laft  word. 

§.  326.  A  mufical  ear  takes,  to  diftinguifli 
fuch  tones,  as  follow  on  each  other,  a  much 
fhorter  time  than  a  fecond.  And  fo  an  expert 
violinift  may  in  a  fecond  produce  and  diftinguifli 
.nine  tones  one  after  another  on  the  violin. 
Such  a  perfon  may  thus  obferve  an  echo,  when 
fo  diftant  only  from  the  refleding  place,  that 
the  original  found  takes  of  a  fecond  only,  to 
move  thither  and  back  again.  The  diftance 
between  the  refledting  place,  and  the  place  of 
the  original  found  would  amount  to  about  Axty 
feet.  For  ~  of  1072  makes  119.  So  far  would 
the  found  in  4  fecond  be  propagated  from  the 
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place  of  its  rife.  And  therefore  in  order  to  hear 
the  echo  again  at  the  place  of  its  rife  in  ~  fe» 
cond;  the  reflecting  place,  which  gives  the  echo* 
need  be  diftant  from  the  place  of  its  rife  about 
fixty  feet  only,  as  the  half  of  119. 

§.  327.  So  many  times  fixty  feet  therefore  as 
the  difiance  from  the  fpeaking  to  the  reflecting 
place  amounts  to,  fo  many  Angle  tones  one  after 
another  would  the  echo  bring  back  in  a  fecond. 
Such  an  echo  is  called  polyfyllabical.  If  it  returns 
one  and  the  fame  found  a  number  of  times,  it  is 
called  polyphonous.  This  laft  arifes,  when  many 
reflecting  bodies  are  by  or  above  each  other  at 
different  diftances  from  the  place  of  the  original 
found.  Gaffendi  in  his  remarks  on  Diogenes  La- 
ertius ,  Book  X,  relates,  that  Boijfard  heard  the 
verfe, 

Anna  virumque  cano ,  Trcj^e  qui  primus  ab  oris . 
reflected  eight  times  at  the  monument  of  the 
Metelli  not  far  from  Rome.  Extraordinary  ef¬ 
fects  of  an  echo  are  defcribed  in  the  memoirs  of' 
the  academy  of  fciences  for  the  year  1692,  p.  94, 
95, 96, 


INDEX 


To 


INDEX 


the  FIRST  VOLUME. 


A. 


ACTION,  what,  page  4.  Whence  arifing,  28. 

Ratio  of,  )  ^  ib. 

Acolipila ,  wh at,  197. 

Aether,  what,  265.  Its  rarity,  270. 

Air,  what,  116.  Heavy,  122.  Elaftick,  ib.  Weight 
of,  125.  Elafticity  of,  1  28.  Preffure  every  way,  13.1* 
How  eftimated  in  clofe  veffels,  132.  Magnitude  of, 
on  different  circular  furfaces,  135.  Degree  of  heat 
how  meafured,  138.  Air,  under  denfer,  upper  rarer, 
124,  feq.  W eight  of  a  cubick  foot,  ib.  Expanded 
and  rarified  by  fire,  138.  Forces  water  by  its  elafti- 
city,  130.  Air,  by  what  means  compreffed,  123. 
Infinuating  into  water,  freed  of  air,  195.  Air  fuf- 
ceptible  of  a  tremulous  motion,  348»  When  hap¬ 
pening,  350,  feq.  Air  in  water,  193,  feq. 

Air-column,  weight  of,  125,  feq. 

Air-pump,  116.  Structure  and  kinds  of,  ib,  feqq. 

Amber,  its  electricity,  284,  Shines  and  attracts,  ib. 

Anamorphofis,  249,  feq. 

Areometer,  what,  54* 

Afhes,  what,  187. 

Attraftion,  what,  43.  Phyfical,  and  mathematical,  43, 
feq.  Attraction  of  the  rays  of  light,  241.  Produces 
an  afcent  in  vacuo,  130. 

Aurum  fulmtnans ,  refolved  by  an  eleCtrical  flaili,  292. 

Axis,  what,  29.  Of  the  ellipfis,  100.  Of  a  con¬ 
cave  fpeculum,  222.  Of  refraCtion,  23©,  Of  inci¬ 
dence,  ib.  Of  the  lens,  172, 

B. 

Barometer,  what,  1 25. 

Body,  how  known  to  us,  1.  Whence  its  changes  arife,  3. 
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Whence  its  effects  arife,  28.  Cohefton  of  its 
parts,  4,  37,  feq.  In  all  there  is  fire,  185,  Its  re¬ 
finance,  4.  Origin  of  its  motion,  ib.  Its  motion  in 
the  diagonal,  7,  feq.  Its  velocity,  5,  feq.  When 
afcending  in  a  fluid,  67.  Bodies  light  and  heavy  fall 
equally  quick  in  vacuo,  27.  Specifically  lighter, 
what,  44.  Luminous,  what,  270.  Their  parts  vi¬ 


brate  unequally,  278. 

Burning-glafs,  what,  236.  Cannot  be  flat  on  both 
fides,  238.  Burning-mirrour,  what,  225.  Its  in- 
tenfenefs  in  burning,  225,  feq.  Archimede Es,  228. 
Inlightening  diftant  objects,  252. 

c. 

Calcination,  what,  187.  Of  quickfilver,  282. 

Capillary  tubes,  what,  39. 

Catadioptrick  machines,  what,  263. 


Cathetus  of  incidence,  what,  245.  Of  obliquation, 

221. 

Celerity,  fee  velocity. 

Central  force,  82.  Its  quantity,  103.  In  a  circular 
circumference  equally  intenfe,  100. 

Centre  of  gravity,  11. 

Centrifugal  force,  82.  Arifes  by  turning  round,  84. 
Its  intenfenefs,  85,  88.  Centrifugal  forces,  equality 
of,  89.  Ratio  of,  85,  feq. 

Centripetal  force,  what,  82.  By  wrhat  weakened,  85, 
Equal  to  the  gravity,  103. 

Circle,  circumference  of,  when  deicribed  by  motion,  99. 

Cohefion  of  bodies,  37.  Species  of,  42. 

Cold,  what,  137.  Greateft  degree  of,  111  different  parts 
of  the  earth’s  furface,  179,  feqq.  How  difcovered 
with  accuracy,  183.  Greateft  degree  of  that  of  wa¬ 
ter,  157. 

Colours  of  light,  274.  Their  ratio,  279*  Species, 
274.  Difference,  whence,  275.  True  origin,  278. 
What  they  are,  ib.  Mixt,  279,  336,  feq.  Simple 
and  compound,  336,  feq.  Colours  on  the  furfaces 
of  bodies  explained,  ib.  Whence  their  fpecies  on 
the  furfaces  of  bodies  arife,  337,  feq.  Why  not  dif- 
tindlly  explicable,  ib.  When  attainable,  339,  feq. 
Colours  on  a  body  twofold,  340,  feq.  Degree  of 
intenfenefs,  340, 

Com- 
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Compafs,  what,  324.  Comprefling-machine,  123, 

D. 

Dadfyli,  why  they  fliine,  271. 

Denfity,  what,  36.  Or  two  fluids,  53,  feq.  Of  the 
rays  of  light  in  the  focus,  225,  feq.  Of  light,  how 
decreafing  and  encreafmg,  216,  feq. 

Diagonal  line,  through  which  a  body  moves,  7,  feq. 
Diameter  of  a  fphere,  what,  92.  Of  a  concave  fpe~ 
culum,  222. 

Diffradfion  of  the  rays,  240. 

Diredf  ftroke,  what,  73. 

Diredfion,  angle  of,  7. 

Divergent  rays,  what,  215. 

E. 

Echo,  what,  356.  At  what  diftance  perceived,  356, 
feq.  The  feveral  fpecies  of,  .  •  358. 

Elafticity,  figns  of,  69.  Readtion  of,  ib.  Of  fleam, 
198.  Ratio  in  different  fpaces,  72. 

Elaftick,  what,  37.  Perfedfly  elaftick,  what,  74. 
Properties  of  elaflick  bodies,  68,  feqq.  The  mutual 
ratio  of  their  fpaces,  70.  When  capable  of  com- 
preflion,  ib. 

Eledfrical  matter,  properties  of,  292,  feq.  Spark,  289. 
How  generated,  302,  feq.  Kindles  fpirit  of  wine, 
and  the  glowing  wfick  of  a  candle,  289,  feq.  Seeds 
of  Lycopodium,  291.  Refolves  aurum  fulminans , 

,  t  291,  feq. 

Eledfrical  in  and  of  itfelf,  what,  285.  Nature  of  its 
matter,  298,  feq. 

Eledfrical  rays,  289,  303. 

Eledfrical  light,  how  arifmg,  302,  feq. 

Eledfricity,  what,  284.  Its  fpecies,  285.  Intenfenefs, 

290,  feq. 

Eledfrified  bodies,  284,  298. 

Ellipfis,  generation  of,  100. 

Elliptical  figure  of  the  fun  accounted  for,  253,  feq. 

Evaporation,  what,  i88>  Of  ice,  200» 

Exhalation,  what,  188. 

Experience,  what,  2.  Experiment,  what,  ib. 

Eye,  why  a  coloured  circle  arifes  therein  on  rubbing 

L?  339* 

F. 

Fall  of  bodies,  height  of  in  the  firff  fecond,  25,  feq. 
In  vacuo,  27,  feq. 

Fire,, 
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Fire,  what,  137.  In  all  bodies,  185.  Adis  ftronger 
in  one  body  than  in  another,  191.  How  excited, 
185,  feq.  Fuel  of,  187.  Light  whether  a  fire, 
272.  Pure  fire,  192.  Whether  fire  makes  bodies 
heavier,  272,  feq» 

Fire-gage,  183» 

Fifh  under  water  appear  to  be  nearer  than  they  are, 
243.  Objedls  in  the  air  appear  more  diftant  from 
them,  244» 

Flame,  what,  186.  How  luminous,  270,  feq.  Ex- 
tinguifhed,  without  air,  187.  Rendred  pointed  by 
the  air,  'ib. 

Fluid,  what,  36» 

Fluids,  ropinefs  of,  130.  Preflure  of,  45.  Force  of, 
in  the  preflure,  49.  Height  of  two  fluids  of  the 
fame  fpecifick  gravity  in  two  tubes,  47.  When  of 
unequal  fpecifick  gravity,  50.  Velocity  of,  in  two 
tubes,  46,  feq.  Afcend  at  folids,  39.  Turn  heavier 
by  immerfed  bodies,  64,  feqq. 

Fluidity  of  water,  caufe  of,  196.  Of  mercury  conti¬ 
nues  in  the  cold,  281.  Ceafes  in  the  fire,  282, 
Reafon  of,  282,  feq. 

Focus  in  the  ellipfis,  100.  Imaginary  or  virtual  in  a 
concave  lens,  261.  In  a  concave  fpeculum,  225. 
Its  diftance,  227,  feq.  Its  intenfenefs,  ib.  In  a 
burning-glafs,  236,  feq.  Whence  the  intenfenefs  of 
the  focus  arifes,  271. 

Force,  what,  7.  How  Tcnown,  28,  feq.  Of  a  prefling 
fluid  how  eftimated,  49,  Force,  when  weakened,  7. 
Living,  dead,  7.  Force  of  inertia,  what,  6.  Con- 
fpiring  forces,  7.  Form  a  compound  motion,  8. 
Central  forces,  what,  82.  Living  forces,  their  ratio, 
29.  Meafure  of,  29,  feq.  Are  the  forces  of  moving 


bodies,  28,  feq. 

G. 

Glafs-drops,  what,  40, 

Glafs,  plain  on  both  Tides,  burns  not,  238. 

Glowing,  what,  186.  Glowing  body  how  it  Urines, 
271.  Without  air  ceafes  to  Ihine,  187. 

Gold  melted,  how  granulated  in  water,  213.  To 
difcover  the  alloy  of  gold,  55,  feq. 

Gravity, 


INDEX. 

Gravity,  what,  u.  Centre  of,  ib.  Specifick,  what, 

.  44- 

Gunpowder  uninflammable  in  vacuo,  187,  feq. 

H. 

Hard,  what,  ^7. 

Heat,  what,  137.  How  arifing  in  bodies,  189,  feq. 
Decreafe  of,  ib.  Communication  of,  189.  Encreafe 
of,  189,  feq.  Meafure  of,  138,  feq. 

Hiftory  natural,  what,  2. 

I. 

Ice,  what,  199.  Occupies  a  greater  fpace  than  water, 
ib.  How  great  that  fpace,  ib.  The  reafon  thereof, 
205,  feq.  Evaporates,  200.  Its  melting  accelerated 
by  falts,  209.  Why  ice  turns  colder  by  falts,  210. 

Image  of  an  objedt  below  the  horizon,  244.  Lowered 
by  the  refradlion,  245.  When  magnified  by  re- 
fradted  rays,  253.  Bigger  behind  a  concave  fpecu- 
lum,  251.  Smaller  in  a  convex,  247.  In  a  cylin¬ 
drical  fpeculum,  long  and  flender,  248,  feq.  Slender 
and  pointed  in  a  conical,  ib.  Deformed  images. 


how  redtified,  ib.  Image  between  the  centre  and 

furface  of  the  concave  fpeculum  reverfed,  252. 

Incidence,  angle  of,  what,  79.  In  elaftick  bodies,  8o, 
feq.  In  light,  22  r. 

Incineration,  what,  187, 

Inertia,  what,  6. 

Infledtion  of  the  rays,  what,  240. 

Invifible,  what  bodies  are,  334?  feq* 


Iron  is  magnetical,  306,  and  how,  329,  feq.  Turned 
hard  after  fmelting  occupies  a  greater  fpace,  201. 
Smelted  iron,  its  dangerous  effedls  in  cold  water, 

213. 

Ivory,  how  foftened,  196« 

L. 

Lead,  when  fmelting  in  water,  196.  Smelted,  caufes 
a  violent  motion  in  water,  213. 

Lead-bullet  ihot  into  water  is  flatted,  205. 

Leaver,  what,  11.  Redtilinear  and  curvilinear,  ib. 

Homodromous  and  heterodromous,  ib. 

J^ens,  what,  223.  Size  of,  ib.  Convex  and  concave. 

Axis 


INDEX. 

Axis  of,  ib.  Centre  of,  ib.  Perpendicular  to,  233, 

feq. 

Light,  what,  215.  Its  force  at  different  diilances,  219. 
Its  denfity,  how  decreafing  and  encreafmg,  216,  feq. 
Velocity,  263.  Newton’s  opinion  about  light,  263, 
feq.  Cartes  opinion,  266.  Enler’s  opinion,  265. 
267,  How  light  acts,  268.  Is  the  aether,  265. 
Why  appearing  to  be  a  fire,  272, 

Lightening,  the  effedl  of,  on  magnetick  needles,  331. 
Light-pulfes,  what,  268.  In  each  colour,  278. 

M. 


Machines  for  heightening  the  forces,  10.  The  five 
fimple,  14,  feqq,  Save  not  time,  24.  Compreßing 
machine,  123.  Anamorphotick  machine,  248,  feq. 
Catadioptrick  machines,  263. 

Magnet,  what,  305.  Poles,  equator,  meridian  and 
axis  of,  ib.  Armature  of,  306.  Jarring  and  con¬ 
trary  poles  of,  312.  Agreeing  and  friendly,  313* 
Phenomena  of,  307.  Matter  of,  307,  feqq.  Phe¬ 
nomena  accounted  for,  314,  feqq.  Magnet  fimple, 
compound  or  anomalous,  319.  Artificial,  how  made, 

3o6>  330. 

Magnetick  meatus,  314.  Matter,  307,  feqq.  314,  feq. 
Needle,  306.  Declination  and  inclination  of,  321. 
feqq.  By  lightening  gains  a  different  diredlion,  331. 
Magnetick  poles  in  the  earth,  316,  feq.  321,  feq. 

Magnetick  needle,  declination  of  accounted  for,  324. 
Inclination  accounted  for,  323. 

Magnitude  apparent  and  real,  what,  246.  Under  dif¬ 
ferent  circumflances,  252,  feqq. 

Mafs,  what,  28. 

Mercury,  what,  280.  Virgin,  ib.  Specifick  gravity 
of,  ib.  Many  things  not  wet  by  it,  ib.  Never 

known  to  have  been  froze,  281.  Refolves  into  fume, - 
ib.  Calcination  of,  282. 

Metals  examined  hydroflatically,  55, feq. 

Mirrour,  V.  fpeculum. 

Motion,  caufe  of,  4.  Simple  and  compound,  7.  Arifing 
from  two  confpiring  forces,  7,  feq.  Redlilinear  and 
curvilinear,  10.  Uniformly  accelerated,  23.  Com¬ 

pound  redtilinear,  how  produced,  94.  Of  a  body  in 


3 


INDEX. 

a  circle  uniform,  ioo.  In  an  ellipfis  variable,  IK 
Where  quickeft  and  floweft,  ioxe  Motion  of  vibra¬ 
tion,  33» 

N. 

Natural  hiftory,  what,  2.  Philofophy,  what,  i.  Principal 
parts  thereof,  3.  Dogmatical  and  experimental,  ib« 

O, 

Oblique  ftroke,  what,  73.  When  lefs  than  the  diredf. 


78* 

Ofcillation,  what,  33, 

P. 

Pendulum,  what,  32.  Swings  of,  ib.  On  what  its 
velocity  depends,  33,  feq.  Signs  of  the  changed 
weight  of,  34, 

Penumbra,  what,  s344» 

Phlogifton,  what,  186. 

Phyficks,  Vid.  Natural  Philofophy, 

Poles  magnetical  of  the  earth,  321,  325,, 

Polyedron,  what,  262, 

Polyoptron,  what,  ib„ 

Pores  in  folid  bodies,  33 za 

Porofity  of  folids  and  fluids,  332* 

Porous,  what,  36,, 

Power,  how  heightened  by  the  leaver.  11,  By  pulleys., 

wheels,  wedge  and  fcrew,  14,  feqq. 

Prifm,  whether  producing  the  different  colours,  274.» 
Pulley,  what,  14.  Combination  of  pulleys,  ib* 

Pulfe,  what,  269* 

Pyrometer,  what,  183, 

Quickfilver,  Vide  Mercury, 

R. 

Radius  verifcor,  what,  rock 


Rays  of  light,  what,  215.  When  divergent,  ib.  When 
appearing  parallel,  215.  feq.  The  divergent  form  a 
fphere  or  cone,  216,  feq.  The  rays  of  light  hinder 
not  each  other,  219.  Their  fubtelty,  ib.  Which 
form  an  inverted  image,  220.  Reflected  and  refra£T 
ed,  when  burning,  225.  2360  Become  diverging  by 
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INDEX. 

a  convex  fpeculum,  228.  And  by  concave  glares* 
2383  feq.  How  refradted  at  a  curve  furface,  234. 
Which  rays  pafs  unrefradted  through  a  lens,  ib. 
Which  form  with  the  perpendicular  an  oblique  angle, 
ib.  Which  unite  with  the  axis  of  the  lens  behind, 
235.  When  twice  refradted  in  a  lens,  ib. 

Hays  of  light  attracted,  241.  How  arifing,  271.  When 
forming  a  white  circle,  274.  Different  fpecies  of 
rays,  274,  feq.  Their  force,  276.  Their  mixture, 
279.  Parallel  when  uniting  in  a  focus  before  a  hollow 
fpeculum,  225.  Behind  a  convex  glafs,  234,  feqq. 
Divergent  behind  a  concave  glafs,  238,  feq.  Remain 
parallel  after  going  through  a  plane  furface,  237. 

Readtion,  what,  4.  Equal  to  the  adtion,  ib.  Of  elas¬ 
ticity,  69. 

Red  colour,  274,  278,  337. 

Refledted  rays,  which  fall  on  the  furface  of  a  concave 
fpeculum,  223.  "When  and  where  they  unite  with 
the  axis  before  the  fpeculum,  223,  feq.  Which 
burn,  225.  Which  burn  not,  228,  feq.  Twice 
refledted  continue  ftill  to  burn,  232.  Which  refledted 
rays  proceed  parallel,  251. 

Refledting  bodies  invifible,  334,  feq. 

Refledtion  of  the  rays,  *  221,  feqq. 

Refradted  rays  which  burn,  236.  In  curve  furfaces, 
234.  Proceed  in  right  lines,  ib.  Which  exhibit 
objedts  Smaller,  260,  feq. 

Refradted  angle,  230.  How  dilcovered,  230,  feq. 

Refradtion  of  the  rays,  229.  Axis  of,  230.  Makes 
objedts  to  appear  in  a  different  place,  242.  And  to  be 
higher,  ib.  Änd  lower,  245.  Änd  to  appear  broken, 
242.  Which  rays  fuffer  the  ftrongeft,  and  which 
the  weakeffc  refradtion,  278.  Angle  of,  230.  How 


found,  ib.  Ratio  of  inclination,  231,  feq. 

Reffftance,  what,  4. 

Roughnefs,  whence,  18. 

Rubbing,  what,  18. 

S. 

Screw,  what,  16.  Endlefs,  what,  17. 


Shadow,  wffat,  341.  In  how  far  vifible,  ib.  Pure  and 
perfedt,  what,  ib.  Conical,  342.  To  ffnd  the  length 

of 


f 


INDEX. 

cf  that  of  a  fphere,  343.  To  find  the  diftance  of  the 


vertex  of  the  conical  fhadow,  343,  feq. 

Siphon,  how  water  rifes  in,  and  runs  out  of,  129. 

Which  run  in  vacuo,  130. 

Smoke,  what,  186. 

Snow,  why  white,  339,  feq. 

Soft,  what,  37, 

Solar  microfcope,  257« 

Solid  body,  what,  36» 

Soul,  incorporeal,  6» 


Sound,  how  arifing,  345,  feq.  When  perceivable, 
349.  Confifts  in  a  tremor  of  the  air,  ib.  Species  of, 
353,  feq.  Intenfenefs  of,  349.  Whence  encreafmg 
and  decreafing,  351.  Velocity  of,  353.  Change  of 
by  reflection,  355.  Propagated  in  diverging  lines, 
351.  Diftinguifhable,  though  the  lines  mutually  in- 
terfeCt,  352.  When  plainly  difHnguifhable  from 
another,  356.  In  the  air,  350,  feq. 

Space,  how  found,  23.  Of  falling  bodies,  25,  feq. 
Of  afcending  bodies,  31. 

Sphere,  poles  of,  92.  Diameter  of,  ib.  Axis  of,  ib. 

Speculum,  what,  221.  Species  and  properties  of,  221, 
feqq.  Concave,  breadth  of,  what,  223.  How  great, 
225,  feq.  Its  effeCt,  223,  feqq.  Convex  weakens 
the  aCtion  of  the  folar  rays,  22 8„ 

Staticks,  what,  45,  feq. 

Sun  elliptick  form  of,  25.  Parts  of  his  furface  highly 
fubtle,  270.  In  continual  motion,  ib.  In  a  vibratory 
motion,  ib.  Rays  of,  wdiether  heavy,  273, 

T. 

Telefcopes,  how  made,  258,  feq.  Agronomical,  what, 
258.  With  concave  fpecula,  259.  Gregorian  and 
Newtonian,  what,  ib.  The  Holland  and  Galilean , 
261.  Which  reverfe  the  objeCt,  ib.  And  which  re- 
prefent  it  in  its  true  pofition,  ib. 

Thermometer,  what,  139.  Several  forts  of,  140,  feqq. 
Comparifon  of  their  degrees,  172,  feqq. 

Tone,  what,  353.  High  and  deep,  354.  Plow  many 
diftinguifhable  in  a  fecond,  357.  feq. 

Tranfparency,  what,  333. 

Tranfparent,  bodies  perfectly  fuch,  invifible,  334. 

Tremor, 
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I  ?'N  D  E  x; 

Tremor,  Miat,  270, 

Tribometer,  what,  ,  19« 

V. 

Vacuum,  flame  dies  in,  187.  Glow  of  bodies  weaken¬ 
ed  in,  ib.  No  fparks  producible  in,  ib.  Nor  gun¬ 
powder  fet  on  fire,  188.  Fall  of  bodies  in,  27« 
Velocity,  what,  5.  How  found,  24.  Of  falling  bo¬ 
dies,  25,  feqq.  Of  afcending  bodies,  31,  feqq.  Of 
a  quiefcent  body,  46.  Of  fluids  in  two  tubes,  46, 
feq.  Of  weight  and  power  in  a  leaver,  24.  Of 


found,  ,  353. 

Vibrations,  what,  33. 

Velocity,  of,  -  *  33,  feq. 

Vis  inertia. ’,  what,  6. 

Vifible,  how  a  body  comes  to  be,  334.  Which  are, 

-  '  335>feq- 

Vifion,  angle  of,  what,  246. 

W. 


Water,  what,  193.  Pure,  ib.  Parts  of,  firm  and  hard, 
204.  Infinuates  into  bodies,  211.  Whence  fluid,  196. 
Why  expanded  in  freezing,  199,  205.  Contains  air, 
193,  feq.  To  what  degree  it  may  be  heated,  184,  feq. 
Why  damping  the  force  of  the  fire,  213. 

Water  boiling,  heat  of  in  an  open  vefiel,  141,  feq.  In 
a  clofe  vefiel,  196, 

Water-fteams,  how  produced,  196,  feq.  Elaffick,  198. 

How  afcending  and  floating,  197.  Their  fubtelty,  ib. 
Wedge,  what,  16. 

Weight,  what,  10.  Of  a  cubick  foot  of  air,  124.  Of 
a  column  of  air,  125. 

Wheel,  what,  15.  In  a  combination  of  wheels,  the 
ratio  of  the  power  to  the  weight,  15,  feq. 

Wood  rotten,  why  fhining,  271« 
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End  of  the  First  V  o  l  u  me. 
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